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INTRODUCTION. 


OF all the problems which confront those who are responsible for — 
highway administration there is none of greater public interest, or 
indeed of more pressing urgency, in a social and economic sense, 
than that which concerns road safety. The causation of road 
accidents and the measures which can best be adopted for their 
prevention are subjects of close study and investigation all over 


‘the world; despite the efforts which have been made—nowhere - 
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more than in Great Britain—the fact has to be faced that during the 
past 10 years an average of 19 people have lost their lives on the 
roads of Great Britain every day, whilst the economic loss due 
directly or indirectly to fatal and non-fatal injuries is a very 
serious factor. 

In these circumstances it is the duty of those of us who, as 
engineers, are concerned with the construction and maintenance of — 
roads, to consider what contribution we can make in the direction . 
of enhancing road safety. In order that this can be done, it is 
necessary to have a clear conception of the problem and of how 
the technique and training of the engineer can best be brought to 
the aid of its solution. 

The diagrams relating to road accidents which are referred to in 
this Paper are based on reports made by the Commissioner of Police — 
of the Metropolis, the Commissioner of Police of the City of London, 
and the Chief Constables throughout Great Britain. The infor- 
mation thus supplied is issued by the Minister of Transport in a — 
document entitled ‘‘ Reports on Fatal Road Accidents which occurred — 
during the year 1935.” Two qualifications are necessary. In the 
first place it must be clearly appreciated that the reports relate only 
to fatal accidents, which are a comparatively small proportion of 
those which involve personal injury. In 1935, the total casualties 
on the road were 6,502 killed and 221,726 injured. The ratio of 
fatal to all accidents of 2-85 per cent. is rather less than that of the 
last 10 years, during which period it varied from 3 to 4 per cent. 
The evidence would have been more conclusive if the very much 
larger number of non-fatal accidents had been also investigated 
(as is now being done), but it may be considered that the particulars 
which have been obtained concerning fatal accidents are fairly 
representative of accidents as a whole. Secondly, it must be borne 
in mind that the cause to which an accident is attributed is, as a 
tule, the opinion of the police officer who makes the report. There 
can be little doubt of its accuracy so far as description and location 
are concerned ; but the cause of an accident, whether attributable 
to an individual or to a defect in the road or vehicle, is clearly a 
matter in which there is room for difference of opinion. There can 
be no question, however, of the disinterestedness of those respon- 7 

4 
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sible for the reports, and one can but make such deductions as are 
fair in themselves and likely to be helpful to the purpose in view. 
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ANALYSES OF ACCIDENTS. 


Fig. 1 shows that between 1926 and 1935 the number of 
mechanically-propelled vehicles upon the road increased a 
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Fig. 1. 
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_ 1,729,505 to 2,581,027. There was an increase in the number of 


private cars from 686,232 to 1,477,378 and of goods vehicles from 


- 257,173 to 434,723, but motor cycles have decreased in numbers 


from 629,414 to 516,567, hackney carriages from 100,835 to 85,547, 
: tramcars from 14,078 to 10,872, and tractors from 3,670 to 2,704. 
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According to the Home Office returns relating to the same period 


the number of fatal accidents rose from 4,803 to a peak figure of 


- 7,074 in 1930; there was a drop during 1931 and 1932 to 6,487, a 


sudden rise to 7,001 in 1933, a slight increase in the succeeding year, 
and a very marked drop to 6,314 in 1935. It is not too much to _ 
claim that the recently-improved figures—an improvement which, 
happily, is continuing—is due to sustained propaganda concerning 
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accident prevention, combined with the concurrent adoption of 
preventive measures. 

Fig. 2, p.164, gives some indication of the extent to which accidents 
in Great Britain are due to the mixed character of the traffic. 
Of 6,477 fatalities,1 738 were suffered by drivers, conductors, or 
passengers in public-service, industrial, or private vehicles, 1,052 
by riders of motor cycles, 44 by side-car passengers, 179 by pillion 
passengers and 1,376 by pedal cyclists. No less than 3,079 (nearly 
one-half) of the persons killed were pedestrians. 

It will be seen from Fig. 3 (p. 165) that the vehicles involved in 
fatal accidents numbered 8,730, of which 6,807 were mechanically pro- 
pelled, 143 were horse-drawn, and 1,746 were pedal cycles. Divided 
into classes, the 2,513 private cars head the list, but this figure, 
taken by itself, gives an entirely wrong impression. The following 
Table shows the number of accidents to vehicles per 100,000 licensed, 
but the-real measure of “ accident liability ” can only be ascertained 
in relation to the average annual mileage which each class of vehicle 
may be expected to cover. Estimates of mileage are bound to be 
speculative, but the figures quoted in the Table are those which 
were adopted by the Salter Committee.” 


Number in- Accidents Assumed Accidents 
Type of vehicle, volved in per 100,000 mileage per per 100,000 
accidents. licensed. annum. vehicle-miles, 
Private cars... 2,513 167 7,000 0.0221 
Motor vans, lorries, 
Sieg Mee 1,903 418 _ 12,000 0.0336 | 
Motorcycles. . . 1,497 290 6,000 0.0483 
Public conveyances . 827 1,110 24,600 0.0352 


The most vulnerable mechanically-propelled vehicle upon the 
road is the motor cycle. The chance of a private car being involved 
in an accident is rather less than one-half that of a motor cycle, 
whilst commercial and public-service vehicles occupy a position 
midway. In the absence of reliable information as to the number 
of, or mileage covered by, pedal cycles, it is impossible to relate 
them to the above figures. 


Fig. 4 illustrates the points on the road at which the fatalities 


* It will be noted there is a discrepancy of 25 compared with the number 
given on p. 162. The explanation is that particulars of 13 accidents were — 
received by the Ministry of Transport too late for classification, and that 
deaths which occurred in 1935 as the result of accidents in the previous year 
were not included in the Report. 


* “Report of the Conference on Rail and Road Transport,” Appendix C, 


p. 49. H.M. Stationery Office, 1932. The mileage figure for public convey- 
ances is a weighted average. “wis steeae (48 
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occurred. It is noteworthy that 4,094 (two-thirds of the whole) 
occurred on the open road under conditions in which there was 
apparently ample visibility, whilst 1,883 were at junctions and 253 
on bends and hills described as having “ bad sight-lines.”” Hump- 
backed bridges, generally over canals, accounted for 23 fatalities. 
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Fig. 4, 


TOTAL NUMBER OF ACCIDENTS 
6,289 


Straight 
roads 
3.168 


ANALYSIS OF ACCIDENTS AND FEATURES OF THE LOOALITY. 


Scale: 1 inch width of line = 40,000 vehicles 


There are 4,560 railway level-crossings over public roads in Great 
Britain, and the fact that the fatalities at these points were the 
relatively small number of 11 tends to discount the popularly held 
view that they are responsible for serious loss of life. It is obvious 
that railway level-crossings (in common with road crossings) are. 
potential sources of danger, but the demand for their elimination 
is justified more by reason of inconvenience and delay than by 
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considerations of road safety. The negotiation of crossings and 
junctions, bends, and steep hills demands care on the part of all 
road users, but a study of Fig. 4 will emphasize the opinion that 
the overwhelming majority of road accidents proceed from causes 
which are mainly within the control of the persons concerned in 
them. 


Tur DesigN oF Roaps. 


It must be realized that under existing conditions the movement of 
traffic on the road, unlike that of traffic on the railway, is not primarily 
governed by considerations based on engineering principles. The 
railway is a track laid to dimensions which do not vary, upon which 
locomotives run, metal to metal, at speeds which are predetermined ~ 
and under conditions which admit of strict control. The road is 
the King’s Highway, free (within the limits of official regulations), 
to all classes of vehicles, equipped with varying types of tire, running, 
as regards speed and direction, at the will of individual drivers on 
a permanent way of varying width and character, which is used 
at one and the same time by mechanically-propelled and horse- 
drawn vehicles, pedal cycles, and pedestrians. The engineer can 
apply, but he cannot alter, the laws of dynamics; given the means 
he can make and maintain roads of satisfactory alignment, ample 
vision, and sufficient width; but he cannot control the use which 
a driver makes of his vehicle or the habits of other road users. 

The above-mentioned considerations are common to all roads 


used by mixed traffic, but in Great Britain the present-day road 


engineer is faced with other difficulties which are peculiarly his 
own. The number of vehicles per mile of road in Great Britain is 
much greater than in other countries,! and the road system has 
grown up without ordered plan, the heritage of centuries. The 
Roman conquerors of Great Britain initiated a system of roads 
which might well have served as the nucleus of subsequent traffic 
routes, but succeeding generations have failed to take sufficient 
thought for the future, with the result that a network of highways 
and by-ways has come into being which furnishes an unique example 
both of lack of unified control and of continuity of purpose. 
Something has been done to reduce this condition of things to 
order by way of town-planning and by the prescription of building 
and improvement lines. Much more is possible if full advantage is 
taken of the provisions of the Restriction of Ribbon Development 


1 In Great Britain there are 11:5 mechanically-propelled vehicles per mile 
of road, excluding motor cycles. So far as can be ascertained from the infor- 


mation available, the number for France is 5-3, for Germany 8-1, and for the 
U.S.A. 7:9. 
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_ Act, 1935, whereby standard widths (from 60 feet to 160 feet) can 
_ be prescribed, and access controlled, so that roads can best be made 
_ to serve their primary purpose as avenues for traffic. The fact 
_ remains that in Great Britain only 280 miles of entirely new roads 
have been constructed at the public expense within the last 7 years, 
and that in general the accommodation necessary for the vast 
_ increase in the number of mechanically-propelled vehicles has been 
_ by way of the widening and adapting of existing roads in the 
endeavour to fit them for a type of traffic for which they were never 
- intended, still less designed. 
- Considered as an engineering problem, and accepting the principle 
that the main purpose of the permanent way, whether of rail or 
road, is to permit the passage of vehicles at the speeds of which they 
are safely capable, the task of the road engineer would be shorn of 
half its complexity. He would plan motor-ways (with due regard 
to present and potential traffic needs), serving important traffic- 
centres, passing over or under all other traffic routes and provided 
with distributing centres at terminal and intermediate points, along 
which mechanically-propelled vehicles could travel at predetermined 
speeds. Apart from other considerations, the elimination of long- 
distance high-speed traffic from the existing routes to which the 
relief would be afforded would make a marked contribution to road 
safety, and, if a motor-way were available as an alternative, there 
should be no complaint if motor vehicles on such existing routes 
_ were subject to whatever restrictions were considered necessary in 
the interest of othér classes of road users. On the other hand, the 
construction of motor-ways in a comparatively-small and densely- 
populated country such as Great Britain would obviously be a 
_ costly undertaking, and, apart from the safety aspect, their justifi- 
cation must depend upon the degree of importance which is attached 
to road transport in relation to other means of transport which are 
now, or may become, available, and to the part which it may be 
expected to play in the economic and social development of the 
country. There is nothing new in the provision of special roads 
for motor vehicles, and a considerable mileage has been already 
constructed in Italy, Germany, and France. The German plan of 
motor-ways comprises 4,300 miles, of which 570 miles will be com- 
_ pleted by the end of this year; they consist of dual carriage-ways 
and their design has been based on speeds of from 75 to 120 miles 
per hour. s wh : 
_ Failing the provision of motor-ways, the engineer must deal with 
the problem as it presents itself to-day, and his function is to design — 
or adapt roads which will be used at one and the same time by 
every class of traffic, whether on wheel or on foot, under conditions 
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and at speeds within the control of the individual, subject only co) 
such regulations as the legislature may impose. In such circum 
stances he will find that theories governing road design in relation 
to their use by mechanically-propelled vehicles must perforce give 
way to considerations affecting the movement of horse-drawn 
vehicles, pedal cyclists, and pedestrians, and he must determine 
what steps can best be taken to provide the maximum fluidity of 
traffic of this varied character compatible with the minimum risk | 
to the road user. It would be outside the purpose of this Paper 
to enter at length upon the theoretical considerations which govern 
the lay-out and construction of roads, for almost every aspect of 
the subject demands a Paper to itself and has furnished the material 
for many Papers contributed to The Institution. Mention is made 
only of those factors which are of primary importance in the interest 
of road safety. Many of the matters referred to in the ensuing 
paragraphs have been recently considered by a committee of 
engineers appointed by the Minister of Transport, and are dealt 
with in greater detail in a memorandum which will be issued for 
the guidance of highway authorities. 


The Influence of Speed. 


The ideal road is one which can be traversed throughout its — 
length at constant speed. In designing new roads under present — 
traffic conditions a speed of 50 miles per hour may be accepted as — 
reasonable, but in the improvement of old roads such a standard — 
may be impossible of application by reason of limitation imposed by — 
pre-existing conditions. Further, a speed which may be perfectly — 
safe for vehicles having the roads to themselves may, in different 
circumstances, be fraught with danger to other road users, and it 
is on this account that some 41,000 miles of roads are subject to 
a restriction to 30 miles per hour. In the hands of a careless or 
incompetent driver a mechanically-propelled vehicle is a potential 
source of danger immediately it assumes motion, and the energy of 
impact. (which, to a certain extent, is the measure of the damage 
which c&n be inflicted) increases as the square of its speed. Fig. 5 
shows the distance within which a vehicle can be brought to rest 
whilst travelling at various speeds, allowing for a reaction period 
of 1 second. It is desirable to state here that Tables of braking- 
distance which make no allowance for mental reaction are entirely 
misleading. It is one thing to test the braking-efficiency of a car 
with respect to some predetermined point and quite another to 
bring the car to rest under conditions of which the driver has no 
foreknowledge and little warning. The reaction time of individuals 
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varies with age and other factors, but it is wise to err, if at all, on . 
_ the safe side, and tests have shown that in a large percentage of 


cases a period of 1 second may well elapse between the time of 


3 sighting a danger and the taking of means to avert it. During that 
interval, a car travelling at a speed of 50 miles per hour will move 


_ 18 feet before the driver will apply his brake or turn his wheel and, 


if a braking efficiency of 50 per cent. is allowed (which is probably 
above the average for a private car) the car will move another 


_ 167 feet before it is brought to rest. It follows, therefore, that in 
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VUlaa Stopping distance \ 
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the event of the sudden emergence of an obstacle in the path of a 
motorist travelling at this speed—whether it be another car approach- 
ing from a cross-road or a child stepping from the footpath—the 
motorist is powerless to avert a collision for a distance of 24 yards, 
and that for a further distance of 56 yards he can only do so if 
conditions are such that he can change his path without the danger 
of fouling some other object. 


Width of Carriage-ways. 


Carriage-ways must be of such width as will provide for the free 
movement. of traffic whilst minimizing the risk of side collision. 
Theoretically, a single traffic lane will accommodate a stream of 
1,500 vehicles per hour travelling at 20 miles per hour. This figure 
assumes, however, that traffic proceeds at a uniform speed and 
that there is no delay either by reason of stationary vehicles or of _ 
road junctions. Such favourable conditions are rarely attained in 
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practice, especially where provision has to be made on the same > 
carriage-way for motor and horse-drawn vehicles, and it would be 
unsafe to rely upon a capacity exceeding 600 vehicles per hour. 
The normal width of a single traffic lane should be 10 feet, but in 
~ the case of a two-lane carriage-way a standard of 11 feet is desirable, 
in order to give some margin for manceuvring, and thus to lessen 
the likelihood of collision. 


Segregation of Traffic. 


Fig. 6 shows that 2,087 fatal accidents were due to collision 
between moving vehicles and 2,972 to collision between vehicles 
and pedestrians. Of the former, 885 were caused mostly at road 
junctions by the front or rear of one vehicle meeting the side of 
another, 434 were due to head-on collisions, and 365 to lateral 
collision. The overwhelming majority of fatalities was the result 
of collisions between mechanically-propelled vehicles, or between 
such vehicles and pedal cyclists or pedestrians, and it is clear that 
the safety of these two last classes in particular can best be secured 
by the provision of separate tracks for each. Where the demand 
exists, further accommodation should be made for equestrians. 


Dual Carriage-ways. 


There is much to be said for dual carriage-ways on traffic grounds, 
and their desirability as a safety measure can be gauged from the 
_ 434 accidents involving fatalities which occurred in head-on collisions 
in 1935. Dual carriage-ways increase the cost of road construction — 
by between 25 and 50 per cent., but their provision is justified in 
all cases where more than two traffic lanes are necessary. They 
possess an obvious disadvantage in the case of a route along which 
traffic is largely tidal in character, but this disadvantage can be 
overcome (although admittedly expensively) by constructing the 
carriage-way to such dimensions as will accommodate the peak- 
hour traffic. The reservation between carriage-ways should be at 
least sufficiently wide to enable a vehicle to turn from one carriage- 
way into another without hindering traffic. It is desirable that the 
central reservation should be divided longitudinally by a hedge or 
planted with shrubs (care being taken to maintain visibility at 
openings), so as to mask the headlights of approaching cars. 

There may be circumstances in which a continuous central reser- 
vation is not practicable, such as where sufficient land is not available 
or where, as in urban districts, it is necessary to give frequent 
opportunity for lateral movement. In such cases recourse should 
be had to the provision of refuges, sited at such intervals as may 
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be necessary and convenient, with the double object of dividing 
traffic into two definite streams and of enabling pedestrians to 
cross busy thoroughfares with the minimum of risk. 


Service Roads. 


The presence of stationary vehicles on the main carriage-way is 
a source of danger, both by reason of hindrance to vision and from 
the obstruction caused by the necessity of turning out of a traffic- — 
stream in order to avoid them. Last year 408 pedestrians were 
killed in crossing the road in front of or behind a stationary vehicle. 
Where a road is bordered by shops or dwelling-houses, the provision 
of parallel service roads, with access to the main highway confined 
to intervals of not less than } mile, is a definite measure of public 
safety. Service roads may also well serve as cycle-tracks in cases 
where there is insufficient width for separate accommodation for 
this purpose. 


Cycle-T racks. 


It willbe seenfrom Fig. 2(p. 164) that, of all vehicle users, the fatali- 
ties are highest amongst pedal cyclists; this is an inevitable result 
of the use of one track at one and the same time by vehicles entirely 
dissimilar in stability, power, and speed. The obvious remedy is — 
the provision of separate tracks for cyclists, so far as this is practic- 
able, and opposition to this course is difficult to understand. It is — 
unfortunate that in towns and in the immediate environs of towns 
where the need is greatest, it is often impossible to obtain the 
necessary width for cycle-tracks in addition to carriage-ways and 
footpaths, whilst the frequent interposition of street junctions and 
of entrances to shops or houses renders their construction difficult 
and their use unlikely in such circumstances. 

Cycle-tracks are common features of Continental roads, although 
one track is often made to serve the purpose of both cyclists and — 
pedestrians, They are of quite recent introduction in this country, 
but their usefulness is fast being recognized, and some 250 miles 
are now under construction or in contemplation. 


Footpaths. 


Fig. 7 indicates the circumstances in which pedestrians were — 
killed and the imperative need of adopting all practicable measures _ 
for their protection. Footpaths should be regarded as an essential 
feature of road design. In the open country, where pedestrians 
are likely to be few in number, a grass verge may serve the purpose _ 
of a refuge in case of emergency, but elsewhere well-surfaced foot- 
paths should be provided of sufficient width to enable two people 3 
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to walk abreast. It is sometimes said that pedestrians will not 
use a footpath even when one is available, but it must be admitted 
that this disinclination is too often due to the fact that the surface 
of the carriage-way is more inviting to walk upon. | 
Motorists have urged that curbs dividing the carriage-way from 
the footpaths should be of such form that cars can easily mount 
them in case of emergency, but the pedestrian should surely be 
encouraged to regard the footpath as his haven, upon which he can 
pursue his way in comfort and security. The point is not of much 
importance where there is a grass verge or other space between the 
carriage-way and the footpath, but it is significant that 127 pedes- 
trians were killed last year upon footpaths. 
In the past, insufficient consideration has been given to the 
provision of ample footpath-width in the shopping areas of large 
towns. Such footpaths are frequently over-crowded, with the 
result that pedestrians—especially those to whom time is an object 
—are likely to jeopardize their safety by stepping on to, or walking 
in, the carriage-way. 


Curves. 


There is something to be said for laying down a road with gentle 
curves, for long straight stretches make for monotony in driving 
and tend to cause fatigue. It is desirable to aim at a minimum 
radius of 1,000 feet, and where this is impossible the width of the 
carriage-way should be increased in order to give additional 
manceuvring room to the vehicle. . 


Super-Elevation. 

There has been much criticism of the lack of super-elevation of 
English roads. Admittedly there is much leeway to make up, for 
the roads in Great Britain are extraordinarily tortuous, and super- 
elevation was unknown at the time of their construction. It has 
been the standard practice for some years to super-elevate in all 
cases of new construction, and much is being done to overtake the 
arrears on existing roads. A great deal has been written on the 
degree of super-elevation which should be adopted and of the form — 
of curves used in that connection. Theoretically the matter is one 
of simple calculation, but the distinction between rail and road. 
practice should be appreciated. Type, weight, and speed are 
common factors, but whereas the railway engineer can anticipate 
the speed of a train on a particular curve, the road engineer has no 
control over the speeds of vehicles upon the road. Further, the 
railway engineer can take up an unbalanced horizontal force by — 
means of wheel flanges, but the road engineer can only rely upon | 
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the frictional resistance between the road and the tire, which is 
liable to constant change by reason of climatic and other con- 
ditions. On general traffic grounds a cross-fall of 1 in 12 may be 
Tegarded as a maximum. Transition curves should always be 
provided, and the super-elevation should be zero at the tangent 
point and should be introduced gradually, attaining its maximum 
at the end of the transition curve, which, when a circular arc is not 
‘used, will be at the centre of the curve. Where a circular arc is 
used, the super-elevation should be maintained at its maximum 
throughout the length of the circular arc. 


Visibility. 


Visibility, both horizontal and vertical, is of outstanding import- 
‘ance. It has been shown that in circumstances which are by no 
Means unusual a car driven at 50 miles per hour may require a 
‘distance of 80 yards in which to be brought to rest. In practice, 
a range of vision of 500 feet should be aimed at in the case of curves, 
whether horizontal or vertical, and the gradients of bridge approaches 
should be designed as an integral part of the vertical alignment of 
the road of which they form part. 


Gradient and Cross-fall. 


The gradient of a road is much more a question of convenience and 
economics than of safety, unless the gradient is so steep as to impose 
an undue strain upon the brakes. Experience has shown that the 
maximum grade of | in 30, which Telford adopted for the London— 
Holyhead road, holds good to-day, and that, in practice, routes 
graded much in excess of this figure will be avoided by the drivers 
of heavy vehicles. 

Excessive camber is a relic of the days of water-bound macadam 
when a cross-fall of 1 in 24 was regarded as standard practice. 
Such a condition is definitely dangerous to vehicles proceeding at 

high speed, and there are very few surfacing-materials in use to-day 
which necessitate a cross-fall exceeding 1 in 48. This should be 
regarded as the maximum for concrete, asphalt, and wood paving. 
Roap INTERSECTIONS. 
Fig. 4, p. 167, shows that 1,883 fatal accidents, equal to 30 per cent. 
of all Extalitios, occurred at road junctions. This does not necessarily 
‘imply a faulty lay-out of the junction, for change of direction con- 
stitutes of itself a potential source of danger, especially if necessi- 
tating emergence into or crossing another lane of traffic. It is, 


however, obviously desirable that the number of intersections on _- 


a traffic route should be kept as low as possible, and that they should 
: ae 


- vehicular traffic to proceed continuously, although at reduced 
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be designed to avoid direct cuts and with such simplicity as will ' 
enable a driver readily to identify the path he desires to follow. 


junction whereby two traffic streams are enabled to cross at different 
levels. The design of junctions of this type is a matter of no diffi- 
culty where only one class of vehicle is to be provided for, but it 
calls for considerable ingenuity where it is sought to accommodate 
motor vehicles, pedal cycles, and pedestrians on separate tracks 
The provision of overbridges or subways for both cyclists and 
pedestrians is justifiable on safety grounds, but there seems to be a 
marked reluctance on the part of both these classes of road users 
to cross a main road otherwise than on the level, and it would be 
wasteful to provide expensive facilities unless it is clear that use 
will be made of them. Figs. 8 and 9 (pp. 179 and 180) illustrate two 
types of fly-over junctions, Fig. 9 being of the “ clover-leaf ” design, 
which is theoretically sound but presents obvious complications. 

Where roads intersect at the same level it is important that they 
should do so at right angles, and the number of traffic-ways uniting ~ 
at one point should be restricted to four, unless provision can be 
made for a roundabout of such dimensions as to permit of effective 
weaving of the various traffic streams. . 

The choice between a roundabout and a traffic-signal installation 
at important junctions is governed by various considerations, of 
which the safety of pedestrians and pedal cyclists is perhaps the 
most urgent. Roundabouts have the advantage of permitting 


speed, but if the stream of traffic is such that it would otherwise | 
be continuous over long periods, provision must be made (in the 
absence of an overbridge or subway) for the crossing of pedestrians 
by the installation of pedestrian-operated signals. In order to 
facilitate traffic flow, and in the interests of safety, it is desirable 
that roundabouts should be of such diameter as will provide 
efficient weaving space. On this account a diameter of 180 feet 
is desirable. iy 

At road junctions in the open country, whether at single or cross- 
roads, the fence lines should be splayed back so as to give ample 
vision of approaching vehicles, and where there is likelihood of a 
considerable increase in traffic, sufficient land should be acquired 
to make possible the provision of a roundabout at a later date. It 
is important to guard against the tendency to bell-mouth junctions. 
They look nice on a plan, but have the result of encouraging traffic 
to enter a traffic stream without reducing speed and to wander in 
undefined paths. On this account the radius of the curb at corners 
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of vehicles to make an easy turn, provided it is taken at a reasonable 
speed. 


Roap SURFACES. 


There is, perhaps, no road condition which, in the popular mind, 
is more blameworthy as the immediate cause of accidents than that 
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: of a slippery surface. In 1935, 162 fatal accidents to motorists and 
68 to pedal cyclists were attributed to skidding, a total of 230, or 
35 per cent. of all fatalities. /Skidding is most likely to occur as 
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— the result of what is really a side-slip of the back wheels of | the 
= vehicle, and for this reason the sideways-force coefficient is take 
“ as the measure of the resistance of the road surface to skidding. 
%y A straight forward skid may occur on a surface with high frictional 

‘y resistance if powerful brakes are suddenly and strongly applied 


and such a skid mark does not necessarily indicate that the road 
surface is at fault. There is in fact no class of accident in which 
so many factors are involved; these include the condition of the 


Fig. 9. 
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road Petace, the efficiency of the vehicle’s brakes, the smoothnesiil 
of the tires with which the vehicle is equipped, and the action of the A 
driver himself. It is essential that every possible precaution sho 
be taken to ensure that road surfaces possess the highest p 
frictional resistance consistent with comfortable travel, but this 
should not be taken to mean that a road surface is necessarily 
_ slippery because it fails to present an obviously rough appearan 
sh The Hesign of prrielny and. bituminous Pesan haa: pe 
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_ through many phases in fitting them to meet the varying changes 
_ in traffic during the last 30 years, and there are many road surfaces 
_ {particularly in large cities) which have worn so smooth that the 
_ application of a roughening coat has become essential. Nevertheless, 
_ surface-dressing should be regarded as no more than a temporary 
_ expedient pending the application of intrinsically non-skid surfaces. 
It is technically unsound that the maintenance of the essential 
- quality of non-slipperiness should depend upon a periodical surface- 
_ treatment, just as it is psychologically unwise that motorists should 
be led to think that a road surface must of necessity be slippery 


Fig. 10. 
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unless it looks rough to the eye. A definite attempt is being made 
to design asphaltic and bituminous carpets capable of maintaining 
non-skid qualities for many years—indeed, throughout their useful 
life—and it is in this direction that progress should be sought. 
_ Fig. 10 illustrates the resistance to skidding of three classes of surface 
texture, coarse, medium, and fine, each curve representing an 
average of fourteen tests made in various parts of the country. 
The curves all indicate satisfactory results, although those relating 
to finely-grained surfaces show a rather greater tendency to drop 


_ with increasing speeds. The tests were made with perfectly smooth — 


tires in order to obtain comparable results, although experiments 
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~ less effective as the result of wear. re 


_ means of subways, Regrettable results have followed the practic eo 
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have shown that tires with patterned treads offer greater resistance 
to skidding, the difference being specially marked in the case of 
finely-grained surfaces. The use of smooth tires on cars travelli 
at high speeds involves an unjustifiable risk, and it is unreasona 
to expect that road surfaces should be constructed to withstand 
conditions which should not be allowed to exist. Consideration 
of the subject points to the advantage of persevering with a technique 
which will aim at the production of a permanent non-skid road 
surface rather than relying upon applications which tend to become 


The results of a large number of tests indicate that the wors 
conditions of slipperiness follow upon the first rainfall after a prea : 
longed dry period, and point to the fact that the frictional resistance 
of the road surface is reduced by a lubricating film due either > 
deposition or to exudation from the surfacing-materials, which i 
washed away as the result of continued rainfall. This condition 
stresses the importance of street-cleansing as a means of preserving 
the non-skid qualities of a road. On the other hand, drivers 
should realize that the presence of moisture on a road surface 
inevitably reduces its frictional resistance, and that this circum- 
stance demands the exercise of caution, both with respect to speed 
and the usé of brakes. 


* es 


By-PasseEs. 


In 1935, 62-3 per cent. of the fatal accidents occurred in built-up 
areas, and this figure points to the advantage of constructing by- 
passes around centres of population in preference to the widening 
of existing streets, except in so far as such widening is necessary 
for purely local purposes. In the case of large towns by-passes’ 
should take the form of ring roads, connecting the radiating roads 
to and from the civic centre. Interesting examples of such ring 
roads are furnished by those under construction in Paris on the 
site of the demolished fortifications, which, whilst provided with 
junctions to the main radiating routes, are carried under them by 


in the past of regarding by-passes as a means of assisting building- 
development. A by-pass is primarily a traffic route and care should 
be taken to ensure that it is permanently available as such. - 


Existing Roaps. 


The question of road safety has been discussed hitherto mainly 
from the point of view of new construction, but the safety anaee f 
existing roads is of equal, if not greater, importance. In 1985 
there were 170 fatal accidents (equal to 2-6 per cent. of the who e) 


~, 
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in which various road defects were considered by the police to be 
“contributory causes, but it must be remembered that for every 
fatal accident there are approximately 30 non-fatal accidents, a 
large proportion of which may cause serious injury. Whilst the 
“accidents attributed to obvious road defects are relatively few, it 
may well be the case that in addition a considerable number might 
be attributed, directly or indirectly, to faulty lay-out (having 
regard to present traffic conditions), or to other conditions which 
it may be within the province of the highway authority to rectify, 
namely single carriage-ways, lack of cycle-tracks, absence of or 
‘inadequate footpaths, badly-planned curves and junctions, and so 
on. There are obvious complications in applying to existing roads 
the same principles which govern new construction, for adequate 
‘width cannot always be obtained, whilst existing levels and forms 
of lay-out may preclude the adoption of other desirable safety 
“measures. Nevertheless, skilled investigation has disclosed that 
in many cases there are steps which can be taken in the way of 
remedial measures to render existing roads safer for the traffic 
using them, and it is worth while considering them. 


Trafic Lanes. 


So far as vehicular traffic is concerned, the “laneing” of the 
carriage-way by means of what are popularly known as “ white 
lines,” whether of white or yellow paint or of metal or other studs, 
has proved an effective means of regulating the flow of traffic and 
promoting safety. A note of warning is necessary in the case of 
a carriage-way divided into three lanes, the centre being utilized 
for overtaking ; the three lanes should not be continued on horizontal 
or vertical curves where a visibility of 500 feet cannot be obtained, 

but in such cases the traffic lanes should be restricted to two in 
order to lessen the possibility of collision. 


Pedestrian Crossings. 


Pedestrians accounted for practically one-half the total road 
fatalities, and it is clear that special measures are necessary for 
their protection. The importance of this aspect of the problem in 
urban areas is indicated. by the fact that no less than 1,849 pedes- 
trians were killed in crossing the carriage-way from one side of 
the road to the other, 354 by running into the carriage-way, and 
134 as the result of stepping off a footpath or refuge. A disquieting 
feature of the figures relating to pedestrians is that 855 of the 
fatalities (28 per cent. of the whole) were suffered by children of 
10 years of age and under, who can hardly be expected to look after “6 
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Z Reference has previously been made to the desirability of ¢ 

4 segregation of traffic. Elsewhere than in towns this can be accom- — 
= : plished to a large extent by the physical division of traffic streams, 
ag but in busy town streets where carriage-ways and footpaths are 
E> alike congested, protection must be afforded both to motorist and 

) pedestrian by definitely restrictive measures. Provision should | 

4 made for the crossing of the carriage-way by pedestrians in defined d 
7 streams at easily identifiable points, and guard-rails should be 
‘ erected along the curb-line where necessary so as to prevent unwa 

a pedestrians (and children in particular) stepping off the footpath 


- “7 


elsewhere. Experience has shown the value of the additional safe- 
guard afforded by the installation of pedestrian-actuated. traffic 
light-signals in conjunction with these measures. 


Traffic- Warning and Direction Signs. 


Warning and direction signs are essential, but they should be 
w strictly confined to those which are authorized by the Minister of 
Transport, and should be sited in accordance with the regulations — 
=" which he has issued. Signs should be rendered visible by night as 
well as by day. Care should be taken that the same criteria are 
applied to the siting of warning signs throughout the country, and 
in particular that they are not fixed at points where they are not 
really necessary. Nothing is so likely to lead a driver to ignore 
a danger sign as the feeling that he has been repeatedly warned. 
Epson, 


Peres 


The provision of parking-places off the highway shen be en- 
couraged, and they should be provided with easy means of access 
from main thoroughfares. Incidentally, the erection of large flats 
in the place of single houses, which tends to concentrate a large 
population on a relatively small area, is a serious addition to modern 
traffic problems in urban areas. Conditions in London in particular 
are approaching those which obtain in large American cities, where 
the road space necessary even for local purposes is entirely inadequate 
to traffic requirements. It is therefore in the direct interest of traffic 
and safety that, in the case of places of public resort and of buildin 
housing large numbers of people (who may be assumed to poss 
their own cars and to entertain callers similarly circumstanced), 
provision should be made for the parking of cars elsewhere than on — 
the public highway. Section 17 of the Restriction of Ribbon 


Development Act, 1935, confers valuable powers upon local autho- 
_ tities in this respect, 
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Movement of Traffic in Towns. 


The orderly movement of traffic in town streets cannot be accom- 
plished without occasional stoppages, due to the operation of control 
signals or other exigencies of the situation. It is, therefore, the 
more important that there should be no unnecessary delay by reason 
of circumstances which may cause doubt and hesitation on the 
part of motorists, and for this reason the names of streets and 
numbers of houses should be capable of ready identification. In 
most towns through traffic routes converge upon the centre, and 
the clear marking of “ loop-ways,” indicating routes avoiding 
central areas, would do much to relieve congestion and lessen the 
risk of accident. 


STREET-LIGHTING. 


This subject was considered by a Departmental Committee on 
Street Lighting appointed by the Minister of Transport, and the 
Committee expressed the view, in an Interim Report issued last 
year,! that, whilst there were no reliable figures from which a con- 
clusion could be drawn as to the extent to which bad lighting is 
the immediate cause of road accidents, an uneven distribution of 
light on the road surface rendered it difficult for a motorist to judge 
distances and for other road users to estimate the speed of approach- 
ing vehicles. The Committee were further of opinion that street- 
lighting which may be described as patchy may be worse from the 
point of view of public safety than no lighting at all. They recom- 
mended that “‘the minimum standard of lighting for traffic routes 
should be that which enables drivers to proceed with safety at 
30 miles per hour without the use of headlights.” Much has been 
said as to the influence of the type and colour of the road surface 
on the efficiency of lighting-installations, but the relation is one of 
complexity and there are circumstances in which, from a lighting 
point of view, colour is of secondary importance. There are obvious 
practical difficulties, arising from the tar and bituminous materials 
which on economic and other grounds are necessarily in use as 
binders, but in the interests of night driving light-coloured surfaces 


are undoubtedly advantageous, and the same remark applies to 
_ curbs, particularly at road junctions and changes of direction. 


AcctipENT Maps. 


The Value of Such Maps. 
The safety aspect of a road can best be assessed by the main- 
tenance of an accident map, upon which should be plotted the site 


1 Departmental Committee on Street Lighting, Interim Report, Sept. 1935, _ 
H.M., Stationery Office. pina 
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of each accident as it occurs, and the map should be studied in — 
conjunction with the police reports and such statistical information | 
as may be available. There is the danger that the making of such | 
~ maps and the compilation of statistics may be regarded as ends in ~ 
a themselves, but they are of no practical use unless trained minds — 
are brought to bear upon their interpretation and early steps taken 
to carry out such remedial measures as may be deemed necessary. 
An illustration of what can be accomplished in this direction is 
- furnished by the action taken by the Minister of Transport in con- 
ey junction with the local authorities and the Metropolitan Police in 
dealing with four roads in London which had earned an unwelcome 
ae notoriety in regard to accidents. The sites of the accidents (which — 
a averaged 63 per mile in 6 months) were plotted on maps, the police 
_ reports relating to them were carefully studied, and certain improve- - 
ments were recommended, such as alterations in the alignment of — 
curbs and the position of refuges, street-lamps, and tramway poles, 
partial widenings of the carriage-ways and footpaths, the installation _ 
of traffic signals, provision of pedestrian crossings, guard-rails, etc. — 
Twelve months later the remedial measures had only been partially 
carried out, but in the corresponding 6-monthly period there had 
been a reduction in the number of accidents involving personal 
injury by 14-8 per cent. . 
An investigation has been made recently into the accidents 
which have occurred during 350 days ending last July on a Class 1 
road in the west of England. The road in question is 60 miles in 
length. With the exception of 2 miles of from 25 to 30 feet wide 
it is 20 feet in width and for the most part is bordered by hedges, 
with little or no verge. The road is undulating and there are some 
gradients which may be described as steep, one of 1 in 13, the levels 
varying from 100 feet to 800 feet above O.D. One-half of the length — 
of the road comprises curves of a radius of 5,000 feet or less, and 
the surface is of a bituminous character, in good condition. The 
summer traffic averages 3,980 vehicles per day of 16 hours, and is 
mainly of light cars. Records of all accidents were supplied by 
the police, and gave particulars of the date, time, place, state of 
the road, vehicles involved and the supposed cause. The sites of the — 
accidents were plotted on a 6-inch scale map. During the period - 
of 350 days 292 accidents occurred, or an average of 4-8 per mile. 
_ This is equal to 4-05 per million vehicle-miles. Five of the accidents — et 
were fatal and involved the death of three pedestrians, one motor if 
cyclist, and one pedal cyclist. . 
The investigation indicates that by far the greater number of 2 
accidents arise from causes within the control of the vehicle driver, 
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-and so on; it is, however, quite possible that there are features of 
the road which can be so improved as to lessen the chance of accident 


_ at certain points, and investigation is now being directed to that 
_ end. The general conclusions drawn from this particular case are 
_ to the effect that in the interest of safety, visibility at both curves 


_ and junctions is of prime importance, that a succession of sharp 


_ bends joined by lengths of straight should be avoided, and that 


care should be taken to provide proper transitions at the ends of 


curves. 


_ The Value of Remedial Measures. 


By reason of the variables which are in operation at one and the 


_ same time it is difficult, and in many cases impossible, accurately 


to assess the benefit which has resulted from the adoption of any 
one of them. The following particulars were obtained from analyses 
made of the results which have been achieved within an average 
period of 12 months after the adoption of various traffic devices 
throughout the country, where the conditions were such that the 
conclusion might be regarded as reliable. 

Following the construction of twenty-three roundabouts of satis- 
factory design and adequate dimensions, the number of accidents 
involving fatality or injury dropped from 157 to 100, a reduction 
of 36 per cent. Of eleven roundabouts which permitted of one or 
more traffic cuts, the number of accidents fell from 95 to 82, equal 
to a reduction of 13 per cent., whilst in the case of ten small round- 
abouts in which weaving of traffic was an impossibility, they were 
reduced from 135 to 127, equal to a drop of 6 per cent. The con- 
clusions drawn from the cases examined are that to be beneficial 
from the point of view of road safety; roundabouts should be of 
such adequate dimensions as will permit of the satisfactory weaving 
of traffic, and that whilst roundabouts so small as not to afford 
adequate weaving space may be beneficial in assisting the flow of 
traffic, they have comparatively little effect in the prevention of 
accidents. On the contrary, in such circumstances collisions 


- between vehicles, not necessarily involving personal injuries, tend 
- to increase. Particulars available concerning ten sites in which 


street refuges have been erected indicate a reduction of accidents 
from 88 to 29, or 67 per cent. The provision of properly-sited 
“street refuges (as distinct from small roundabouts) coupled with 


- controlled pedestrian crossings, is perhaps the most promising of 


the various measures which can be adopted for securing the safety 


of road users (especially pedestrians) in busy streets. 


> 


_ There are upwards of 1,500 road junctions controlled by light-_ 
signals. Whilst it cannot be said that a reduction in all classes 
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- defects. Examination of public-service and industrial vehicles 


ee. cases indicates that the accidents which have su 
quently occurred have been of a less serious nature than previous 

Such information as is available points to the advantage of dual 
carriage-ways from the point of view of accident prevention, 
Figures relating to a road carrying some 4,500 vehicles per day i in 
the neighbourhood of Glasgow, nearly 3 miles of which were con- 
verted into a dual carriage-way, showed that the accidents were 
3-1 and 4-7 per million vehicle miles on the lengths of dual and 
single carriage-way respectively. Certain roads in the neighbe our- 
hood of London do not show such favourable results, but in thee ; 


An eXamination of twenty-six cases indicates that the institution — 
of one-way streets is useful as a traffic measure but has little bearing 
on accident causation. 


Roap VEHICLES. ie 


Hitherto consideration has been entirely confined to the aa 
but the condition of road vehicles is of almost equal importance. 
During 1935, 235 fatal accidents were attributed to vehicles or 
their equipment, of which 138 were due to mechanical or other 


conducted within the 12 months ending last March disclosed a more | 
serious state of affairs than those figures indicate, for some 18,000. 
vehicles of the above-mentioned classes were found to possess such” 
defects as to render them mechanically unfit for use on the roads, 
generally in respect of their brakes or steering-mechanism. It 
would be thought that every driver realized the cardinal importance 
of maintaining the brakes of his vehicle in the highest degree of 
efficiency, but the following results of 560 specially-observed brake — 
tests of public-service and goods vehicles disclose a eee i 
laxity in this respect :— 


In 240 cases the braking efficiency was under 30 percent. Of ‘eee | 


2? 180 2? ” ” 9 ” ” 25 ” ” Of these, 
2 130 ”? ? » 2 ae ” 20 29 2”? S 

In 23 per cent. of the tests one of the brakes was definitely 
inefficient. tf 


A large proportion of public-service and goods vehicles are com-— 
prised in the fleets of industrial undertakings and are presumably 
maintained in a high state of efficiency ; but if defects are so numerous ~ 


in ‘these classes as @ pha, one can but speculate as to those a 
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exist in the 1} million private cars which are free of any sort of 


independent examination, save in the case of serious accident. The 


_ position is rendered all the more acute by reason of the large 
_ business done in the sale of second-hand cars, much of it at such 
_ low prices as to leave little room for doubt that in a mechanical 


sense they are unroadworthy. 
Just as the influence of road conditions on accident causation 
can only be ascertained by meticulous investigation, so is it equally 


necessary that there should be periodical examination of all classes 


of vehicles, with a view to ensuring that there are no ascertainable 
mechanical defects which may be a contributory cause of accident. 
Doubtless the large majority of owner-drivers are capable of 
efficiently maintaining their cars, or realize the importance of 
periodical overhaul, but it is evident there are a very large number 
of vehicles upon the road which are mechanically unfit, and are 
therefore a potential source of danger to road users. 


CONCLUSIONS. 


(1) The overwhelming majority of road accidents are due to the 
personal element and occur in circumstances for which the toad 
user is primarily responsible. 

(2) The main contributory cause is the use of roads at one and 


the same time by mechanically-propelled vehicles, horse-drawn 


vehicles, pedal cyclists, and pedestrians. 

(3) The principal destructive agent is the mechanically-propelled 
vehicle, and the most effective safeguard to other road users lies 
in the provision of motor-ways for its exclusive use. 

(4) Failing motor-ways, provisions should be made for the segre- 
gation of traffic into separate streams, for (a) mechanically-pro- 
pelled vehicles, (b) pedal cyclists, and (c) pedestrians. Separate 


provision for horse-drawn vehicles can rarely be justified. 


(5) Consideration should be given to the provision of dual carriage- 
ways where more than two traffic lanes are necessary. 
(6) Side access to traffic routes should be restricted to the utmost 


reasonable extent, and buildings fronting them should be provided 
- with service roads. . 


(7) There should be a minimum visibility of 500 feet at curves, 
whether horizontal or vertical. 
(8) Where road traffic is heavy and continuous, intersections 


should be so designed as to enable streams of traffic to be crossed 


otherwise than on the level. 
(9) All other crossings should provide for adequate weaving of 
traffic, and automatic light-signals should be installed where there _ 


is no room for an effective roundabout system. 


_ the Figures in the text have been prepared. 
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(10) Road junctions should be planned to give an ample view of 
approaching traffic, and vehicles from side roads should be led t (Oo 
enter main traffic streams at reduced speeds. 
(11) Road surfaces should be of such type as will offer the 
maximum resistance to skidding throughout their useful life. ; 
(12) Through traffic should be conducted around built-up areas 
by means of by-passes. ia 
(13) Traffic lines promote safety, provided regard is given to 
their significance. 
(14) In built-up areas, special provision should be made for tha ; 
crossing of carriage-ways by pedestrians at defined points, and, 
where necessary, guard-rails should be erected to prevent ae 
elsewhere. 
(15) Road signs should be of standard pattern and sited on 
uniform principles. is 
(16) Street-lighting has a distinct bearing on accident causation 
and light-coloured surfaces and curbs are useful in promoting safe. 
driving at night. 
(17) Accident maps should be kept of all roads upon whisk 
accidents are prevalent, with a view to steps being taken to remedy is 
such features as appear to be contributory causes. ‘ai 
(18) It should be incumbent upon owners of all classes of hae i- 
cally-propelled vehicles to maintain mechanical and tire equipment 
in an efficient condition. " 
(19) Under existing conditions there are limits to rae traffic 
can be controlled by physical means. In other respects the use 
of the road must be governed by such regulations as are necessary 
in the interest of public safety. . 


190 


The Paper is accompanied by ten sheets of drawings, from which — 
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Discussion. 


‘Tun Avuruor, in introducing the Paper, exhibited a number of 
intern-slides illustrating the use of guard-rails and other safety- 
evices, and showing modern Continental and American types of 
ighways and road junctions. 


‘Sir Henry Maysury said that the question of road design and Sir ee 
aybu 


ad safety was not new in Great Britain ; indeed, it was not new 
ny where in the world. The cause of the trouble was that, in all 
puntries, the traffic had arrived before the roads had been made fit 
gr it. Those who had been in executive control in the days of the 
assing of the Motor Car Act of 1903 would well remember how they 
ad been like the Israelites of old in trying to make bricks without 
iraw, or roads without money or material. A great deal had 
een done to improve the road position in Great Britain, but it 
as appalling and alarming to learn week after week of the large 
umber of people who had been killed and injured upon the 
ighways. Indeed, if there had been one catastrophe on a rail- 
ay of the same dimensions everyone would have been appalled at 
le magnitude of it. The engineers of the country were doing their 
est to minimize the causes of accidents, so far as they were caused 
y road defects, and he was sure that he could claim for the highway 
agineers of the country that they deserved the greatest commenda- 
on from the motoring public, and indeed from the public as a whole. 
a Great Britain people moved rather more slowly than on the 
ontinent; if a railway were contemplating an alteration in the 
eight and speed of its trains, the first thing that would be done 
ould be for the management to communicate with the civil engineer 
| order to find out whether the permanent way was suitable for the 
roposed weights and speeds, and very large sums of money would 
J spent in improving the super-elevation and in making the track 
litable for higher speeds. That, however, was not done on the 
ighway. A form of track was available, and people were licensed 
) drive vehicles irrespective of the sufficiency of the road either in 
rength or in width. Complaints were made in Great Britain that 
lere was no super-elevation on some of the roads. The roads had 
9¢ been constructed for the speeds of to-day, but to suit the traffic 
hich had been upon them in pre-motor days, and the lack of super- 
evation was very largely due to the necessity for maintaining levels 
| properties adjacent to the highway. Very great improvements 
ad been effected upon the roads ; money had been expended 
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lavishly in enlargement, in providing super-elevation, and also 
reducing camber, but a great deal remained to be done. * 
local authorities and their officers were to be commended very hi 
for the work they had accomplished—very largely (taking the ro 
of the country as a whole) at the expense of the rates. Now, i 
Parliament agreed, there was to be an alteration in procedure, am 
the Author and his staff would for the first time have direct cont 
of about 4,500 miles of the most important highways of the coun 
It was to be hoped that, commensurate with the demands wh 
would be made upon them, the Author and his staff would h 
funds to justify the alteration in executive management. One 
the great troubles which local authorities and engineers had alw 
experienced in Great Britain had been a dearth of funds. Th 
was not much that members of The Institution could not do if th 
were plenty of money with which to do it; he would not, howe’ 
speak on the question of policy. He felt sure, nevertheless, t 
public opinion and the necessities of traffic would force matter 
along and would see that progress was very much greater than 1 
had been in the past. i 
He would conclude by tendering his thanks and the thanks of 
The Institution to the Author for his excellent Paper, and, what w 
more, for the very valuable work that he had done in a long period 1 
the interests of the highways of the country. ae 
Sir Cyriz Hurcoms remarked that he was very pleased to be 
present and to associate himself with the Author in thanking thos 
many members of The Institution who had assisted the Ministr 
of Transport with their advice on road safety and other matters. 
_ On p. 162 the Author had made one or two preliminary comment 
and had pointed out that hitherto only fatal accidents had bee 
analysed. During 1936 an analysis had been embarked upon als 
of the non-fatal accidents. It might be that those two analyse 
would closely correspond in their results, and it would be interestin 
to see whether or not that was so. The Author had also pointed ou 
very justly, that the attribution of the causes of accidents was mat 
by chief officers of the police—with great impartiality and fairn 
no doubt, but nevertheless upon often inadequate and incomple’ 
data. There was one fact which had always struck him when 
looked at the attribution of the causes of accidents : he found tha’ 
of the 6,477 fatal accidents which had occurred in 1935 the cau: 
the accident was attributed in no less than 4,500 cases, or 70 pe 
of the total, to the person who was dead. When an analysis 
fatal accidents was available—that was to say, when the othe 


found in the attribution? Another interesting point would be 1 
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an whether there was some sort of difference in the incidence of sir Cyril 
ae accidents. Did the fatal accident and the non-fatal accident Hueom- 
and to occur at exactly the same kind of point ? 

‘He agreed with the Author as to the importance of accident maps. 
E every surveyor and every chief officer of police kept in front of 
im a large-scale map of the roads in his area, and every time an 
ecident occurred put in a coloured flag at the point, and then looked 
b the accumulated results every fortnight or month, he would get 

very startling picture of what was really going on, and some 
ery useful ideas as to what might be done to remedy it. The 
uthor had said that the overwhelming majority of road accidents 
roceeded from causes which were mainly within the control of the 
ersons concerned in them, and Sir Cyril believed that that was true. 
b was often said that an accident was due to skidding, but how many 
f the accidents which were attributed to the state of the road were 
sally attributable to inexpert and unwise application of imperfect 
rakes ? 

‘Sir Henry Maybury had foreshadowed a change in highway 
dministration, if Parliament so decided, and there was a sentence 
1 the Paper which was relevant in that connexion. The Author 
uid that the road system of Great Britain was a “ unique 
sample both of lack of unified control and of continuity of purpose.” 
he control of 4,500 miles would be transferred to the single control 
f the Minister—to whom the Author was chief technical adviser— 
| the course of 2 or 3 months, if the Bill were passed. That in 
self was an important step. He shared the admiration which 
it Henry Maybury had expressed for the work of the highway 
uthorities and of their technical advisers, who worked with limited 
sources and often under very great difficulties. He thought it 
ad also to be allowed that in Great Britain there was not quite the 
me scope for those large and spacious solutions of the road problem 
hich were more freely adopted in some other countries. He could’ 
ot but feel, however, that there was more scope and more oppor- 
nity than had yet been taken advantage of for the application of 
me of those more modern types of lay-out. In Paris, vehicular 
eye had been adopted ; there were as yet hardly any examples 
such subways in Great Britain, but somewhere in the cities and 
1 the roads of the country there ought to be places where the 
loption of such a device would be feasible and not prohibitively costly. 

Tf the proposal came about to centralize the administration of the 
tional trunk roads, with a suitable system of delegation to the 
cal authorities in the actual executive details, there would-be 
wer reasons and fewer temptations to resort to patch-work, and 
ore and better opportunities for bold engineering. 
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_ than mere traffic circulation. American fly-overs were very fine, bu 
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Mr. H. ALxer Tripp (Assistant Commissioner of Police), refe: ring 
to the first conclusion in the Paper—“ The overwhelming majorit 
road accidents are due to the personal element and occur in 
cumstances for which the road user is primarily responsible ’’— 
sure that the Author would be the first to agree with him if 
somewhat inverted that by saying that a vast number of road 
accidents were due to faults for which the road itself was responsible: 
The Author had stated that later in his conclusions. 

As Sir Henry Maybury had mentioned, the problem arose from tl 1€ 
fact that, whereas in the case of railway traffic the prepared track 
had come first and high speeds had been developed afterwards, in 
the case of roads the high speeds had been developed first, and the 
tracks were only now being prepared. - It was to the correction of 
that inversion that those responsible had to address themnsalall 
When new roads had been projected soon after the War, an effort 
had been made to pay for them to some extent by the sale of the 
frontages. If roads were to be designed with proper regard for 
safety, however, he was afraid that the new large arterial motor-roads 
would have to be segregated from all surrounding property, exactly 
to the same extent as the railways were. There would have to be. nd 
intercommunication between them and the rest of the roads, except at 
selected points ; such a system of roads would, however, be extremely 
costly. q 

At the present juncture those responsible were confronted with the 
very difficult question as to what they were todo. The problem | of 
making the roads fit for high-speed traffic was immense; various 
ingenious devices had been brought forward by engineers in all parts 
of the world, and he fully agreed with what Sir Henry Maybury had 
said with regard to there being no limit to what the road engineer 
could do in that direction if there were sufficient money. The 
responsible were faced with the fact that starting absolutely afr 


were also faced with the very awkward fact that half-measures w 
often worse than no measures at all. As an example of that, he t 
the case of a road which had bad curves, both from the point of v 
of sight line and of surface ; it was, however, the existence of t) 
hazards which kept the motor traffic at a reasonable pace, an 
they were removed the traffic would begin at once to go faster 
the number of accidents would increase. 

He thought that, sooner or later, a definite order of priority wor il 
have to be arrived at, and it seemed to him that the basis upon wl 
that would have to be worked was in relation to the parties who 
suffering most.. After all, road safety was of far higher i import: 
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hey were extraordinarily costly, and they only solved the problem mr. Tripp. 
# a very small and restricted portion of the road, and, in addition, 
hey only safeguarded the people who suffered least, namely, the motor 
drivers and passengers, who, on that account, were the last persons 
‘teally to be safeguarded. With reference to London, 41 per cent. of 
those killed and injured were pedestrians, and 30 per cent. were pedal 
y cyclists. It seemed to him that it would be necessary to concentrate 
upon those two problems in the first place, if engineering were going 
to be devoted to reducing the casualties as much as possible. In the 
: matter of pedestrians, segregation was the cure. In the case of 
pedal cyclists, the position was far more difficult, and was one which 
‘awaited solution. The provision of cycle-tracks was only a very 
partial solution, because there was no means of dealing with the 
pedal-cycle traffic at cross-roads. A cycle-track might be con- 
tinuous on the comparatively safe portion of the road, but the moment 
cross-roads were reached accidents occurred. Something had to be 
done about that, and it was a matter for the engineer. 
_ He hoped that future expenditure would be devoted in the first 
3 cine to the safeguarding of the persons who were suffering eae 
“namely, the pedestrians and the pedal cyclists. 
_ Mr. G. Howarp Humpsreys remarked that it was impossible to mr. 
read the terrible story of road fatalities which the Paper told without Humphreys. 
feeling appalled. In the Great War he believed that the average rate 
of casualties for Great Britain and Ireland had been 600,000 perannum. 
In the battle of the roads it was now well over 200,000 per annum, 
and it seemed likely that that figure was going to continue. The 
national sense of proportion was sadly lacking, and he imagined that 
hose in authority—the Minister of Transport and his officials—felt 
he public apathy very greatly. It had been stated that the majority 
f accidents arose from the fault of road users; it could, indeed, 
be argued that practically all the accidents arose from their 
fault. He did not think that anyone could read, without being 
thoroughly alarmed, the particulars contained in the Paper relating 
to mechanical defects which were discovered from examination of 
"public-service and industrial vehicles. It seemed to him to point 
to the fact that people were going to be as careless or as stupid as 
they were allowed to be. At the present moment there was a 
large trade done in the sale of very cheap motor-cars ; all responsible 
people hoped that that trade would be stopped, but, even so, present- 
day drivers were seldom mechanically-minded, and they would take 
risks and would forget about maintaining their cars properly until it 
was too late. The rate of increase in the number of vehicles was 
een from Fg. 1 (p. 163) not only to be continuing but to be increasing, - 
cand i it was a very serious consideration if an attempt were made to 
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visualize what conditions were going to be like in 10 years’ time, when, 
he supposed, possibly another million vehicles would be on the roads. 
Had the driving test had any effect on that rate of increase ? 
The fatal accidents statistics showed that 85 per cent. of the 
persons killed were either pedestrians or pedal or motor-cyclists. 
It seemed to him that there was a great deal to be said for footpaths, 
for cycle-tracks where possible, and for motor-ways; but the cost 
would be enormous, and he would like to know whether any scheme 
had been prepared in outline-form for motor-ways, and whether the 
Author could give some idea as to the scope of the scheme and its 
possible cost. In considering the matter of cost, it was necessary 
to look at the other side of the question and to try to estimate the 
cost to the country arising from accidents ; after all, if a quarter of a 
million people were put out of action—some killed and some maimed 
for life—the indirect cost to the country would surely be gigantic, 
and possibly there might be some information which the Author 
could give on that point. 
With regard to the design of roads, he would like to make a plea 
for consideration to be given to the xsthetics of road design. In 
America great care was taken in making the roads really attractive. 
At the present moment there was too strong a tendency in Great 
Britain to cut a gigantic slash through the fast-dwindling country, to 
put up fencing and to leave it at that, with a few sparse trees appear- 
ing here and there. The past generation was blamed for the War 
and its effects, but he thought that posterity would have much to 
say about what was now being done in ruining the countryside. 
It was learned from the statistics that an enormous number o f 
accidents took place at road junctions; had any experiment ever 
been tried to force traffic to stop at road junctions—not by just a 
sign, but by some physical means, or by a depression in the a 
He knew of places abroad where that was done, not for traffic reasons. 
but for reasons of surface drainage, and he believed that collisions 
seldom occurred at those places. 
With regard to road surfacing, he had recently investigated an 
accident which had taken place ; the driver of the car involved in 
the accident was an expert and the car had the finest brakes possible. 
The car had been going along slowly when suddenly it had skidded 
and had swung right around. The driver had then investigated the 
road surface and had found that it had been completely re-surfaced 
about 8 months previously. Immediately after the accident a 
police car had come along, and had had an exactly similar skid. He 
would therefore like to ask the Author whether the experimen is 
which had been carried out by the Ministry had yet led to an Y 
definite conclusions as to the best type of non-skid surface. 
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_ He did not think there would be any dispute that the taking-over Mr. 
of the roads by the Ministry of Transport was a step in the right Humphreys. 
direction. Even with a start of only 4,500 miles out of 180,000, 
great improvements were bound to take place. He hoped to live 
- to see the day when the whole of the roads would be under a 
unified control, and he did not believe there was any hope of a 
_ solution of the problem until that came about. 
3 Mr. Davip Epwarps observed that he did not see in the Paper Mr. Edwards, 
any reference to what he considered the more general use of foot- 
_ path guard-rails, at very special places on the roadside (particularly 
In towns), in order to prevent pedestrians indiscriminately and 
thoughtlessly stepping off into the road. People could be seen 
standing in groups at street corners waiting to cross the road ;_ they 
stopped because the vehicular traffic stopped, and as soon as the 
traffic started they commenced to cross. Some form of education 
was necessary in order to stop individuals doing that kind of thing 
against themselves. 

The Paper referred to roads of a trunk type in France, Italy and 
Germany. It seemed to him most unfortunate that in Great Britain 
no one was willing to suggest that the time was ripe for brand-new 

trunk roads radiating from the Metropolis in four or five directions, 
mainly to carry high-speed vehicles and to segregate the localized 
needs of traffic in the countryside. A start should be made by 
making two or three important trunk roads: one to the North, 
one to the West, and possibly one to Brighton. There was no 
need for him to exaggerate the last point because the proposal had 
already received consideration by a large company of private 
individuals as being a paying proposition. The idea had been 
dropped for the time being through lack of money, but if the govern- 
‘ment department concerned were to come forward to subsidize 
‘such proposals (if it were not disposed to carry them out itself) 
there would be at least one trunk road for the exclusive use of fast 
traffic, which would relieve the local roads from the burden which 
they had to bear to-day. ~ 
_ Very little had been said about the lighting of roads. It was a 
science which was still in its infancy. The ideal illumination was 
one in which the light-centres were de-localized. On the front at 
Brighton, 1 mile in length, a system of vapour-discharge lighting 
gave a general illumination seawards for a distance of at least 
200 yards, without shadows. If the highways had a system of 
illumination with even vapour-discharge lighting the accident toll 
of the roads to-day would be less than it was. 
Another problem which concerned local authorities was the * 
question of the parking of cars. The Government would give a ~ 
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Mr. Edwards. liberal contribution towards the making and improving “of wlll 
“ and they gave facilities, under the Ribbon Development Act, to 
provide car-parking spaces adjacent to or under the roadway, but 
they would not contribute towards the cost of such spaces. They 
would also give a contribution towards the widening of a road in 
order to permit cars to be parked on the road—a very expensive 
form of parking. If it were logical to allow cars to be parked along- 
side such roads to the detriment of the traffic-flow, why could not 
the Government contribute towards the purchase of an area of land 
or old properties, in towns particularly, to act as a car-park near 
the main road? Local authorities were awaiting action by the 
Government in that respect. 
Much had been said with regard to road surfaces. It appeared to 
him that the Author was perfectly right in suggesting that a more 
permanent form of surface roughness was necessary; it was far 
superior to the present method of periodical gritting. Ten years 
ago a road had been made in Brighton with refuse-destructor clinker. 
a No surface treatment of any kind had been applied to it since, and it 
a; was still satisfactorily non-skid. Applying that form of texture from 
top to bottom, rather than the periodical and expensive way of dealing 
; with the surface, was far preferable ; he had been thinking, rightly or 
wrongly, of using an admixture of foreign material such as cottor 
waste or flax mixed with bitumen. He considered the bringing of the 
numerous highway activities under the direction of a single authority 
to be a momentous step in the history of public administrations th 


ais 7 4 | 
= 


4 nada obnoamned with the question of policy raised in conslaniaalll 2 
Be, 3 and 4 (p. 189). They were of the greatest importance, he thought, 


as He proposed, however, to comment on two other conclusions. He 
SS would like to see No. 10 (regarding the entry of vehicles on to a main 
“oa road) amended to read, “‘ Vehicles from side roads should be brought: 
; to rest before joining traflic-streams,” and with regard to traffic- 
4 lanes (No. 13), he thought that a three-lane traffic road was un 
..... in certain conditions because of the danger of collision by vehicles 
- travelling in opposite directions taking the middle lane when the 
> outside lanes were each occupied. For that reason a four-lane 
; road was to be preferred. From the diagram of accident 
it appeared that, up to the year 1933, there had been a more or less 
direct relationship between the number of fatal accidents and the 
total number of mechanically-propelled vehicles. From 1933 t 
1935 there had been a drop in the number of accidents of rather a 
than 10 per cent., that drop being attributed to propaganda and to 
preventive measures. A continued reduction over a period of years 


“could not reasonably be expected, however, and as the total amount Mr. Ashforth. _ 
‘of traffic on the highways increased the total number of accidents 
would increase. 
As the Author had pointed out in conclusion No. 2, the main 
- contributory cause of accidents was the use of roads at one and the 
same time by various types of vehicles; it was unreasonable to 
expect to run high-speed vehicles on a public highway, subject to 
normal use, without a large number of accidents. The most effective 
means of reducing the number of accidents on public highways 
would be to reduce the total amount of high-speed traffic on the 
highways, and, unless that traffic were to be suppressed or its further 
increase were to be prevented by other means, the only way of reducing 
it on the highways would be to provide motor-ways for its 
exclusive use. Further, the provision of such motor-ways would 
_add to the efficiency of motor transport in so far as the latter 
would be free from the restrictions necessary for safety on the 
public highway. He would recommend that the note on the 
segregation of traffic (conclusion No. 4, p. 189) be qualified to read : 
“but the value of such segregation in reducing the number of road 
accidents can only be fractional because the main contributory cause 
would continue,” the main contributory cause being the joint use of 
highways by fast traffic and by all other classes of vehicles. That 
suggestion was, he thought, borne out by the Author’s remark on 
p. 188 that “ Certain roads ”—with dual carriage-ways—“ in the 
neighbourhood of London do not show such favourable results.” 
Conclusion No. 4, taken in conjunction with those that followed, 
_Tepresented the current policy of road improvement, and it would 
appear that the enlargement of selected highways to a width of 
about 120 feet was in contemplation, the highways being provided 
with dual carriage-ways and separate tracks for cyclists and 
pedestrians. It was obvious at once that a good deal of property 
would be required to accomplish such widening—much of which 
property had been erected within recent years and was of great value. 
There was the further suggestion that at built-up areas by-passes 
should be built; there were, however, many areas in the country 
where that condition applied, and improvement to an existing road 
‘in such areas developed into a succession of by-passes following 
“generally the line of an existing route. There was also the difficulty 
of road junctions ; separate tracks might be provided for pedestrians 
and cyclists, but when a road junction was reached, if it were on the 
level, those tracks were bound to cross or to join the traffic stream. 
‘The alternative was the building of bridges and switch-roads. Was 
‘it contemplated that at each important cross-roads a bridge and 
‘switch-roads should be built? Existing roads led from town to ~ 
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_motor-ways for the exclusive use of motor-vehicles rather than by 


road-safety problem. Was it possible that the authorities had 
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town, so that all long-distance traffic was led through large centn eS 
of population. That condition could not be amended merely b by 
the enlargement of existing roads. 

With regard to service roads, he would not ask who would pay for 
them, but all whose business it was to prepare schemes for road 
improvement would agree thoroughly with the remark on p. 183 that 
‘There are obvious complications in applying to existing roads the 
same principles which govern new construction.” He thought that 
the statement on p. 169 that the construction of motor-ways “‘ would 
obviously be a costly undertaking ” would apply equally to present 
proposals for road improvement. Taking a very modest estimate 
of cost, the approximate figure required for adapting 4,500 miles to 
the basis suggested would be between £150,000,000 and £200,000,000. 
The money should be spent in making what was good rather than 
on improving what was recognized to be imperfect. 

The question would have to be considered as to whether or not 
public interests would be better served by the construction of special 


the enlafgement of existing roads. His idea of such motor-ways 
would be that they should pass generally through the open country. 
They would consist only of two tracks for motor-vehicles. They 
would cross existing highways by bridges and have aes 
connections to highways at selected points. From those mai 
motor-ways connexions should be constructed in the form of motor- 
ways leading to the outskirts of the towns. In his opinion such a 
policy was the one best calculated to reduce loss of life and injury 9 
accidents on the highway, and to promote traffic efficiency ; he 
believed that ultimately it would prove to be no more costly than 
other methods. 

Mr. G. T. Bennett regarded the Author’s insistence upon the part 5 
which the road engineer should play in helping to solve the road- 
safety problem as the most important and forward policy which he 
had to advocate. : 

It might be profitable to ask themselves why, up to the present, 
engineers had never been asked to investigate and report upon the 


dreaded consultation with the specialist for the fear that an expensive 
major operation might be advised as the only cure? Had they pre- 
ferred the ineffectual treatment of the symptoms to the painful and. 
costly removal of the cause? It was not to be believed that any 
treatment which stood a reasonable chance of curing so dire a disease 
would be shirked; it remained true, however, that, whilst 
highway engineers of the local authorities, i in collaboration with t 
engineers of the Ministry of Transport, were solely responsible for 
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the design and execution of all new roads and road improvements in Mr, Bennett. 
the country, and, therefore, presumably the safety of those using the 
Toads 80 built depended primarily upon the quality of such design and 
execution, yet such an important document as the Ministry’s 1935 
Report on Fatal Road Accidents had been compiled by the Ministry’s 
Statistical staff on information supplied by the police and without 
reference of any kind to the engineers who made and maintained 
the roads. No one would question the interest of the police in the 
matter, nor the value of their contribution to the safety of persons 
using the roads, but equally no one should question the road 
engineers’ primary interest and responsibility. 

If any real progress were to be made in reducing the road-accident 
tate it would appear to be essential that accident statistics should be 
compiled in quite a different way from that now customary, and that 
the bearing of road design on the accident-rate should be a special 
study. Now that proper interest had been aroused, it was time that 
statistics were produced in such a manner that conclusions might 
be drawn, with reasonable certitude, as to how the present accident 
situation was to be improved. It was not so important to know, for 
example, the sex of a person killed in a road accident as to know 
whether it was possible to prevent further accidents due to the same 
cause. In the report for the year 1935 already referred to, no real 
guidance was given by the Ministry in that direction, and indeed the 
only conclusions which were drawn were those of the Chief Constables, 
whose findings as to “‘ causes” were quoted, with, however, a careful 
recommendation as to the need for caution in accepting them. 

There was very little reason to doubt that the Chief Constables 
had drawn in the 1935 Report a reasonably accurate picture of the 

various causes of accidents so far as the personal factor was con- 
cerned, but there was every reason to doubt whether the factor of 
“ road defect.”’ had been properly considered, for the reason that the 
Ministry had not really asked the police to do so. It might, he 
believed, be taken as true that every accident was due to one of two 
general causes or to a combination of both, namely to personal 
error or to road defect, using the latter expression in the broadest 
‘sense. It was possible that a few accidents were due to pure chance, 
‘such as mechanical defects which could not reasonably have been 
detected by anyone concerned with either manufacture or main- 
tenance, but such. accidents could only be few and far between. 
Tf that were the case, the Chief Constables might well be correct 
in assigning the main cause of 5,920 fatal accidents, out of a 
total of 5,964 to which causes were assigned, to personal error, 
leaving only 44 to which road defects were assigned as the main 
cause. Road conditions being as they were, the police were entitled 


\ 


Mr, Bennett, 


_ suggest that the Chief Constables had never been asked the relevant 
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to argue that road users should exercise due caution at all tin 
and if personal error and road defect were both present as 
tributory causes of an accident, it was not possible to dispute 
judgment of any investigator as to which might have been the maiz 
cause. In fact, where two causes were present it was almost im- 
possible to assign one of them as the chief, and he doubted whether 
the task should ever have been attempted. It would be far bet er 
to specify all the probable contributory causes under the two main 
headings of personal error and road defect, without assigning either 
as a main cause. Actually, however, the Chief Constables had 
stated that in 170 cases of fatalities in 1935 a secondary cause lay 
in the “ condition of the roadway,” in addition to the 44 quoted 
above as being due solely to road conditions. 
Out of a total of 5,964 fatal accidents as to which proper evidence 
could be obtained, only 214 were due in any way whatever to road 
conditions: was that to be believed ? Out of every 29 fatal accidents 
was only one to be attributed in any possible way to road defects, with 
only one case in every 135 in which road conditions were a primary 
cause ? - How could such a verdict have been obtained ? He would 


questions as to road conditions, and that if they had been asked 
supply the requisite information they would have been unable to do 
so without reference to the responsible highway engineer. 

He had before him the standard questionnaire which was com 
pleted by the police in reporting accidents. Out of sixty-four possible 
causes which might be assigned | in the questionnaire to any particula ar 
accident, only four were in reference to road conditions and those 
were: (1) view obscured by blind corner or bend, (2) slippery road 
surface, (3) road surface in need of repair, and (4) other road con- 
dition (particulars to be specified). f 

Had the police been instructed that ‘“‘ Other Road Condition ” 
included uncontrolled direct cross-roads, lack of super-elevation on 
bends, lack of footpaths, unduly narrow carriage-ways, telegrap h 
poles, open gullies and ditches or other obstructions close to carriage- 
ways, lack of vertical visibility, inadequate street-lighting, black and 
invisible curbs, badly laid out (such as splayed and forked) junctions, 
and the absence of adequate traffic notices ? Above all, had t 
been asked to assume that, on major roads, the absence of dual 
carriage-ways, or of dual cycle-ttacks and footpaths, constituted a 
road defect of the first magnitude ? If pedestrians were killed by 
through traffic in a town which ought to be by-passed, were those 
accidents being attributed by the police to defective road con- 
ditions? They naturally could not be ; but then of what vane 
the information which was produced ? 
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oA He would strongly advocate that in future all reports on fatal Mr. Bennett. 
accidents should be sent from the police through the local highway 

“engineers to the appropriate divisional road engineers of the Ministry, 

_and that in the case of all such accidents the highway engineer should 

“be asked specific questions such as the following :— 


(1) Is the road at the site of this accident entirely satisfactory 
ee both as regards general lay-out and as regards surface 
& or other conditions, temporary or otherwise ? 


(2) If not, is it probable that the accident would have been 
avoided had remedial measures been previously under- 
taken ? 


_ Such an investigation was, in fact, now being undertaken in 
Oxfordshire in respect of 4 years’ fatalities; whilst it was not yet 

complete, he had sufficient information to know that the results 

would be such that, without being really at variance with, but 

actually complementary to, those obtained by the Chief Constables, 
they would nevertheless throw an entirely new complexion upon the 
whole subject. He had just been informed that the investigation 
would show that 75 per cent. of the accidents in which the question 

of road defect in the broad sense entered would have been prevented 
if remedial measures had been undertaken. 

_ Apart from the necessity of a general inquiry on those lines, there 
was the strongest possible case for the employment by local authori- 
ties, and by the Ministry, of engineers whose sole duty should be, 
from investigation of the causes and incidence of accidents, to suggest 

and carry out minor amprovements; to examine the design of major 

improvements from the “ safety ’’ aspect, and above all to advise as 
to the order in which improvements should be carried out in order 

‘to produce the quickest results for a given expenditure. It was 
clear that only an experienced road engineer would have the neces- 

‘sary qualifications to carry out such duties ; in his own county such 
an appointment had already been made, and the benefit of the results 
had become immediately apparent. 

__ The whole of the foregoing views might, he believed, be confirmed 
by reference to the Paper, in which the chief conclusion to be drawn 
‘was that only by road improvements great and small would any 

‘considerable reduction in the accident rate be realized. There was 

one mild criticism of the Paper which he might make, and that was 
a the first of the Author’s final conclusions read as follows: 

The overwhelming maj jority of road accidents are due to the 
Bexsonal element and occur in circumstances for which the road user 
$ primarily responsible.” On the Author’s own showing, he would 
mggest that that was not proven, and that the Author ment el 


Mr. Bennett. 
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substitute “The overwhelming majority of road accidents are due 
in part to the personal element and in part to the inadequacy of the 
road system, and in most cases it is neither possible nor profitable 
to assign either as the primary cause.” : 
Which of those co-existing causes was the more susceptible to 
treatment ? The average motorist drove some 3} million miles 
before he became involved in a fatal accident, and that fact indicated 
a fair standard of road conduct on the part of most road users. It 
was not true that ‘‘ road-hogging ” or drunkenness was present in 
the majority of accidents; just because careful and reasonable 
people formed the vast majority of the population, so it was they 
who were involved in the majority of accidents. Once in a while an 
otherwise normal person would make a slip and would fall into an 
error of judgement. The roads should be so constructed as to ensuré 
as far as possible that that minor and human error did not end in 
major tragedy. Most fatal accidents occurred in that way, a fact 
which became abundantly clear to those who had studied the accident 
problem in detail. No Government could make fundamental changes 
in human nature, but given the means engineers could fundamentally 
improve the roads. The motorist paid for such improved roads, but 
he was not given them; there was no need to look further for an 
explanation of the tragedy of road accidents. i 
x Mr. S. N. Barron pointed out that the safety of one type of road 
user could not be considered apart from that of his fellows. “ Under 
any lighting system, whether by old-fashioned or modern street 
lamps, or by vehicle headlights, the relative advantages of dark 
and light surfaces for carriage-ways were constantly demonstrated 
on existing highways. It was a matter of general experience that the 
lighter surfaces improved visibility both by increasing its range and 
by affording greater contrasts between the road surface and obj 
commonly met with upon it, such as pedestrians, animals, and 
other vehicles. It was often difficult to see a dark-coated pedestrian 
upon a black road, but pedestrians were well defined upon a light 
concrete surface under precisely similar lighting conditions. That 
characteristic, coupled with its second-to-none non-skid propertit 
perhaps partly explained the sense of safety which the concrete 
surface gave the motorist, especially in rain and darkness, : 
accounted for its increasing adoption for new routes. / Alternativ 
if pedestrians wore brightly-coloured clothes conditions would 
safer than where road and road user offered such little contrast 
each other ; such a possibility was, however, probably on a par v 
. that of changing the colour of existing road surfaces ~ 


. 


x", This and the succeeding contributions were submitted ie 
writing. —Sxo. Inst. C.E. . - 
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There were already in use, although to a limited extent, other Mr. Barron. 
Peatrosts which called for widespread consideration on account of 
the real improvement in safety which they had already effected. 
They included the provision of curb-lines which, by contrasting with 
the carriage-way, afforded distinctive and continuous guides under all 
lighting and weather conditions. Although well-known, that use of 
-eurbs was still not generally practised even on main routes, but was 
restricted to some of the more recent road junctions and traffic 
islands, where it had rapidly gained favour. That suggested that 
expense had possibly been a difficulty, but he understood that the 
question of a far wider use of curbs which contrasted in colour with 
dark or light carriage-ways would now receive more sympathetic 
consideration from those who controlled road finance. Arrangements 
were in progress for laying extensive trial lengths of white, black, 
and amber curbs of British standard sections. Curbs embodying 
light-reflector elements also deserved mention. 
Again, signs upon the carriage-way, by their contrast with it, 
attracted a maximum of attention from all road users. Such signs 
included coloured pedestrian crossings, coloured traffic-lines, already 
widely adopted, but for an extension of which there was still ample 
scope, and still wider bands of colour which, as marking traffic lanes, 
were already under trial and the subject of favourable report, assisting 
as they did the segregation of traffic on existing two-way roads. 
‘Further, where new carriage-ways were required, the advantages of a 
light-coloured road surface suggested that concrete had a definite 
claim for consideration. 
_ Much had been done to investigate the resistance to skidding . on 
Bi sfaices of various materials, and the extent to which that resistance 
was maintained during the life of the surface. A concrete surface 
‘was composed of materials which were all intrinsically non-skid, and 
it was confidently stated that such tests as had already been made, 
affording a comparison between it and other materials in those 
respects, showed it to be second to none and superior to many. 
It was commonly employed as the surface for brake-tests, because 
the grip it afforded the road wheel was the best yet obtainable under 
all conditions of wear and weather. be So ee 
It was difficult to believe that the demand for improved facilities 
from all road users could be resisted much longer in Great Britain. 
The careful segregation of the widely differing classes of road trans- - 
port was especially necessary in a densely-populated and well- 
developed country like Great Britain. It could not be limited to 
the provision of footpaths and cycle- -tracks or even dual carriage- 
ways, but would have to include separate routes for through high- - 
speed ee: That was essential, not only for safe and efficient 
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operation, but in order that the engineer might employ the materials 
and technique appropriate to true economy for the particula 
problem with which each type of traffic presented him. 
Mr. A. J. H. Crayton pointed out that the effect which indepen- 
dent motor-ways might have upon the accident problem might easily 
be exaggerated. Not only did the majority of the accidents occur in 
built-up areas, but even outside those areas the amount of traffic 
which would be taken off the existing roads at their busiest points 
by motor-ways was quite small. For example, the traffic on the 
Brighton road at one point had been, in 1931, only 3,100 vehicles 
per day as compared with 7,300 just outside Brighton, and only @ 
proportion of the former could be regarded as through traffic from 
London to Brighton. The traffic on the old road through Croydon 
was as great as that on the Croydon by-pass, and much of the latte 
traffic was of a local nature. Further, the number of accidents on 
the old road were greater than on the by-pass. 
Apart from a statistical analysis of accidents as a whole, twa 
important fields of investigation appeared to be open. Firstly, an” 
extension of the investigation indicated on p. 187 to discover 
to what extent and under what circumstances known expedients 
for preventing accidents were successful; for example, although 
the number of pedestrians killed whilst crossing the road had 
dropped about 2 per cent. since the introduction of pedestrian 
crossings, that was not a significant drop when it was realized that 
the total fatal accidents had dropped about 6 per cent. in the same 
period. Under what conditions had “laneing” on 30-foot roads 
been successful in actually reducing accidents, and under what 
conditions had signals reduced accidents ? Secondly, having found 
the most dangerous spots by means of accident maps, as suggested 
by the Author, it was not sufficient to apply the known remedies that 
appeared suitable from an examination of the road (although some 
success had been obtained that way), but the actual causes of the 
accidents ought to be ascertained and classified first, before ma 
scribing the remedy. 
From both points of view a most important piece of information ¥ 
which was often lacking in police reports, was the direction in which 
the vehicles and pedestrians were proceeding before the collision. 
That was much more important than the address and licence number 
of the driver, and would often make it possible to determine the 
underlying cause of the accidents at the spot under consideration. 
Accident maps had to cover a long period before they could be 
relied upon, as otherwise the element of chance dominated the 
distribution. From that point of view all accidents ought to 
recorded and undue prominence ought not to be Pike to fatal 
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ecidents in considering any danger spot. The fact that a reduction Mr. Clayton. 
in accidents had not followed the installation of signals might be 
explained by the fact that many of the accidents at junctions were 
“not preventable by such control. If the figures in the Massachusetts 
“Highway Accident Survey were analysed, it would be found that, 
of the accidents at junctions, only about one-third were of the type 
which would have been prevented by positive control. Information 
was not so complete in Great Britain, but conditions were probably 
the same. 

With regard to cycle-tracks and road junctions, where the cyclist 
had to cross the road, the difference in speed, particularly at round- 
abouts, was not so great as on the straight road, and the mobility 
of the cyclist gave him an advantage. The accident records might 
be analysed on that point. 

Mr. F. W. Ducxuam observed that the Paper formed anMr. Duckham, 

‘invaluable basis for the further measures required in the improve- 
ment of road safety; 10 years ago he had been impressed by a 
prominent memorial in New York which was then recording the 

deaths of citizens in road accidents at a steady average of 3 per 
day, a figure which had now been reached in London. Subse- 

‘quently, in a recent attempt to estimate, by monetary assessment, 
the relation between losses by accidents and by delays in London, 
the former appeared to be in the nature of-£3,000,000 per annum, as 

against some £60,000,000 for the latter ; the figures were necessarily 

“mere approximations, and if they were corrected by the use of the 
fuller information available to the Ministry of Transport, they would 
be most interesting; perhaps the Author might expand them to 

totals for the whole country. The capitalization resulting from such 

‘annual figures for current losses, from which it might be possible to 

determine the expenditure which might be justified, was an immense 

‘sum, and fully supported the plea for remedial treatment by much 
broader methods than the palliatives hitherto effected by engineers 
or indicated for the future by the Government. 

It was essential to apply the principle of segregation by adequate 
trunk roads in the country and by the arcading of the footways in 
towns. Trunk roads might be simple enough and might merely 
‘depend upon cost, but arcading was more complex and had been 
avoided hitherto, although obvious for centuries past in the “ Rows ” 
of Chester. That method had been considered and ‘approved in 

1925 in the United States 1; it consisted essentially in removing the 

footways to the first floors of buildings, which might be inter- 


4 1 A. §. Tuttle, “Increasing the Capacity of Existing Streets,” Trans. Am. 
Soc. O.E., vol. 88 (1925), p. 210. 3 
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Mr. Duckham. connected by light bridges. The traffic lanes for vehicles were thus 
increased by nearly 50 per cent., and ample parking space wot 
become available within the ground floors of the buildings. 

Congestion was continuing to increase, but it could hardly be c com | 
ceived, in view of the motor industry, that fresh licences for an eve 


oe There could be little scope left for improvement when roads 

3 were used for both vehicles and pedestrians, and the real cure 
inevitably lay in segregation. 
. Mr. Hodgson. = Mr, G. H. Hopason considered that the design of a road surface 
ae opened up a useful field of research, and that much could be done to 


types of stone for their light-refiecting value, both in the laborato ‘'y 
a and using a portable photometer on actual road surfaces, it was 


i, interesting to note the very great loss of reflecting power of all 
— - materials when they were wet; a large number of all types of 
p 2 aggregate gave very low waadings of approximately the same value. 
‘¢ With the advent of coloured cement, coloured bitumen and arti- 


! ficially-coloured stone, much could be done to promote contrasts 
between the colour of the road surface and the footpath ; a distinctive 
strip marking the centre of the road would also be a great help and 
advantage to road users, and would be useful in promoting safe 

driving, especially at night, and in damp and foggy weather. 
Dr.Holmstrom. Dr, J. E. Houmsrrom suggested that the figures on p. 166 might be 
rendered even more striking by making a somewhat cold-blooded 
assumption and carrying the calculation a step further. If the 
average value of a human life were taken as £4,000, and if (as appeared. 
to be roughly true) it was assumed that there were three- "quarters: 
as many fatalities as there were motor vehicles involved in fatal 
accidents, then by an extension of the figures the cost per vchioli 
mile, if it were equally shared, would be :— 


~ 


; 

f 
Private cars... Nk ee ee OLD Dein yammm 
Motor vans, lorries, ete. cotati kt earth OS Order _ 
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fraction of the cost of petrol, and it should be remembered that 
was in respect of fatal accidents alone. The number of soe 
connected with the existence of motor vehicles in each year exceeded 
the total number of military deaths that had occurred in the “— 
duration of the South African War. 
In order to reduce the accident-rate it was necessary to have 
co-ordination between the legislator, the pohgewaayy the magistrat 


In each case the figure was equivalent to quite an — 
i 
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the psychologist, the driving instructor, the automobile engineer, the Dr. Holmstrom 
_ town-planner, and the road engineer. The co-ordination, however, 
of the campaign was not a job for the engineer as such: it was a 
- job for the statistician. The work of Mr. G. T. Bennett 1 provided 
the best possible illustration of the points he was about to make. 
& The analytical science of statistics connoted much more than the 
mere amassing and publication of columns of figures. It was the 
_ only means whereby an understanding could be arrived at of complex 
- problems involving averages of human behaviour where the many 
_ variables which were interacting could not, as in physical researches, 
be separated in controlled experiments. The matter had been 
admirably discussed in a series of articles? which had appeared 
2 years ago. It was for the statistician, with his special technique, to 
discover which accidents were “‘ preventable,’’ which were not, and 
_ what was the relative part played by each category of causes. Know- 
ing that, it would then be for each of the specialists named above to 
frame the means of dealing with his own sectional problem. 
_ The Author had dealt mainly with accidents so far as they were 
- conditioned by the strategy and tactics of road design. Conclusions 
Nos. 2, 3, 4,5, 6, 12, 17, and 19 (pp. 189 and 190) might be described 
- as matters of strategy or town planning, and Nos. 7, 8, 9, 10, 11, 18, 
- 14, 15, and 16 as matters of tactics or detailed design. In the latter 
category he would like to put forward a suggestion, which might 
or might not be practicable. Subways were unpopular among 
_ pedestrians because (rightly or wrongly) they suggested loss of 
time. Was not that partly because the entrances were too narrow ? 
Since it was obviously impossible to widen them when they already 
_ formed obstructions on the pavement, might it not be worth while 
to arrange the steps back from the pavement, inside the building 
lines, recouping part of the cost of the rentable space by letting 
part of it for use by tobacconists, etc., or as showcases like those 
in Piccadilly station ? 
+ Only a fraction of the accidents which occurred would be found to 
be preventable by improvements in road engineering. Statistics 
_ might prove that a further fraction were attributable to defects in 
_the vehicles, which were the responsibility of the owners, as the 
_ Author pointed out in conclusion No. 18. For instance inefficient 
_ brakes or worn tire-treads ought, it might be suggested, to be — 
4 prohibited on a road, as were sharp wheel-flanges on a railway ; if 
the number of such accidents were sufficient to justify the expense, 
: might they not be combated by instituting an official mechanical y 


3 
& 1 “ Road Design and Accident Statistics.” - The Surveyor, vol. Ixxxvii (1935), 
a 


. 341. 
2 2, W. Walton, “ The Statistical Study of Road Accidents.” The Engineer, 
+ vol. clviii (1934), pp. 340, 354, 390, 406. 
= 14 


Dr. Holmstrom. inspection (as in the case of aircraft) as a precedent for the renewal 
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of the vehicle-licence ? He wondered whether that would cost a 
much as the share of accidents it would prevent, assessed on the 
lines suggested on p. 166. 

There remained the vast majority of accidents, which, as the 
Author observed, were attributable primarily to the road user of one 
kind or another. It was necessary to recognize different degrees of 
culpability as indicators of different lines of attack on the problem. 
At the one end of the scale came accidents attributable to a motor- 
driver being drunk or to a driver or pedestrian. deliberately, from 
selfishness, contravening the highway code: such examples were 
clear cases for the operation of the full rigour of the criminal law. 
At the other end of the scale was the valuable concept about which 
all engineers ought to know! and which was being studied at the 
National Institute of Industrial Psychology (and elsewhere) under 
the name of “ accident-proneness.” Not only in motor-driying, but 
in all occupations, it appeared from statistical indications that the 
most skilled workers were those who sustained the fewest accidents, 
but over and above that it appeared that certain qualities (or lack — 
of qualities) predisposing to accidents might be inherent in individuals 
apart altogether from the degree of skill they might happen to have 
acquired by training and experience. Clearly, then, if tests could be 
devised for detecting those qualities before the persons concerned 
even began to learn, the accidents which they would be liable to — 
cause might be eliminated. Such tests for motor-drivers had, in 
fact, been devised ; they were not yet perfect, but a high degree of 
correlation was found to exist between the order of merit of any given 
batch of men undergoing the psycho-physical tests and the order of 
merit of the same men as judged by their freedom from accidents — 
in their later careers as drivers. Some day, perhaps, the tests might — 
be sufficiently perfect to warrant their adoption in connexion with 
the issue of driving licences. ig 

He suggested that much might be learned from analytical inter- 
national comparisons of road accidents. The following Sewell 
quoted from an Italian source 2 were of interest :— 


Great “4 
Briain | Beaten Italy. 
Total number of fatal road socidents 
i A0ua" 7,200 | 29,900 2,270 
Number per million ‘of population , 160 243, 64° = 
Number per million motor Yehislee . b.400 1,245 | $540 ‘4 


1 Dr. C. 8. Myers, “ The Psychological Approach to the Problem of Roac L 
Accidents.” Nature, vol. cxxxvi (1935), p. 740, 
2 “ Circolazione e traffico.” Le pias vol. 16 (1934), p. 678. s 
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__ As they were, those figures were only crude statistics. To refine Dr.Holmstrom. 
_ them in relation to local traffic conditions, in an attempt to explain 

_ why the figures in the last two lines were not more nearly equal, and 

_ to make a systematic comparison of what was being done in all the 

leading countries to combat road accidents, and of the success 

_ attending those efforts, would undoubtedly yield some valuable 

ideas. 

Mr. R. V. Hucues observed that it appeared that a specification Mr. Hughes. 
ought first to be drawn up, defining the type of road which would be 
as free as engineering science could make it from the features which 
were known to contribute to accidents. It ought to have no access 
at all for pedestrians, every junction with service or branch roads 

_ ought to be signalled, each “ lane” ought to be permanently marked 
and correctly canted, and central hedges ought to be provided to 
eliminate dazzle. Next, on all roads not complying with such a 
specification, all traffic might be subjected to a speed limit so low 
that the maximum braking distance would be short enough to 

preclude serious collisions. A speed of 20 miles per hour might be 
suitable, or even one of 15 miles per hour in certain congested streets. 

_ That restriction would provide a strong incentive to construct roads 

- complying with the specification, not only in the open country but 

-also in towns. 

Mr. H. W. S. Huspanps agreed generally with the Author’s inter- Mr. Husbands. 

_ pretation of the accident statistics and thought that vehicle-mileage 
was the best available basis of comparison, but that the densities 
of both wheeled and foot traffic were bound to be factors, although 
difficult of application. He also believed that congestion, although its 
effect was difficult to assess, was undoubtedly a contributory factor 
in the causation of accidents. Congestion was cumulative in that 
if, owing to traffic delays, a bus or delivery van could not complete 
its turn of duty, another had to be put upon the roads. A further 
point was that, with excessive traffic delays, there was a natural 
tendency for a driver to speed up between delays in trying to keep up 
to his schedule. 
The policy of invariably putting safety first was to be deprecated 
~ as leading logically to drastic restrictions and to the negation of 
progress ; moreover, with that policy there was a tendency to lose 
sight of the main issue. He considered the provision of traffic 
facilities and the elimination of congestion to be the first task of the 
- Ministry of Transport, not because he was at all callous about the 
toll of the roads, but because he thought that the problem was being 
tackled in the wrong way. Congestion was chiefly due to cross- 
traffic, but roundabouts were only palliative and failed with dense 
traffic, and fly-overs, which alone could eliminate the cross-traffic, 
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had not yet been tried in Great Britain. Further, whilst the Author | 
seemed to contemplate them only in the open country, Mr. 
Husbands believed that they would be of even greater benefit in the 
more congested urban areas where, moreover, the initial cost might — 
be offset by enhanced value of property. 

He would advocate a bold policy to oust congestion by that means, 
the more so as he was convinced from experience that that method 
would lead to greater safety. He had spent a considerable time in 
the study of the problem, and in every case where a solution of the 
main cross-traffic problem had been reached, he had found that the 
secondary difficulties had either vanished or had been so simplified 
as to be easy of solution. It had been suggested that the trial of 
fly-overs should be deferred until a design was forthcoming embodying 
cycle as well as pedestrian subways. Was it not better, however, to 
walk before attempting to run? The relief from cross-traffic which 
a simple fly-over gave as compared with a roundabout was so great 
that the cycle subways might never be needed. The Author had 
stated on p. 178 that, where only one type of vehicle was concerned, 
such designs presented no difficulty. That, however, was only true 
for a design where no initial grading had to be dealt with, and 
open country where space was not limited, although Mr. Husbands 
had found it advisable in such cases to impose a reasonable arbitrary _ 
limit of space, as otherwise such three-dimensional designs were 
apt to spread to a very great extent. Since the cost naturally 
increased with such expansion, failure to limit the size would only 
relegate the difficulty until the scheme came before the financing 
authority for examination. : 

He could not agree that such schemes could be clearly seen from a 
plan, and he had always found that his own schemes were never — 
properly appreciated until they were shown in model-form. In 
fact, after careful study he found so many points in doubt in Figs. 8 
and 9 (pp. 179 and 180) that he would be interested to see the corres- 
ponding longitudinal sections or profiles. The design in Fig. 8 
measured 500 yards over the bridge approaches with a gradient 
shown as 1 in 30 and a level site, whereas the original clover-leaf 
at Woodbridge, New Jersey, with the same expanse, had a ruling ~ 
gradient of 1 in 50 despite severe initial grading on both roads; 
although it was true that the clear headroom under that bridge was 
only 14 feet as compared with, presumably, the standard 18 feet, 
even so any comparison was bound to be in favour of the American 
design. The clover-leaf example in Fig. 9, however, extended to 
1,000 yards over the approaches, and he would ask the Author 
if the grading had not been wrongly shown as 1 in 30, since both the : 
approaches and the 200-foot-radius spirals were long enough for a 
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_ gradient of 1 in 50; if that were not the intention, there could be Mr. Husbands. 
_ no advantage in such large spirals. Had any estimate of the cost 
_ of that design been prepared, as it would seem to be unduly costly, 
involving as it did about 2 miles of embanked roadway ?- How did 
_ the carriage-ways of the spiral and diagonal by-roads join at the 
centre, and why were they joined at all? Those joins broke the 
_ principle of the divided carriage-way and occurred at a dangerous 
- point, and if the grading were uniform there would be a difference 
of level of some 5 feet between them. 

He had not found foreign designs helpful, as the conditions abroad 
seemed, in general, to be the exact opposite to those pertaining to 
Great Britain. There seemed to be plenty of space, and the lavish 
expenditure of money seemed to be encouraged, whilst in Great 
Britain things were done on a much smaller scale. In consequence 
of that he was of opinion that the designs shown were not entirely 
suitable for Great Britain, both as absorbing too much space and 
being too costly, and he believed that if sufficient inducement were 
offered, in the form of a prize or otherwise, a much more suitable and 
efficient design would be forthcoming; that also applied to the 
question of obtaining a design embodying subways for cyclists. 

Mr. H. J. Nicuots observed that the incidence of accidents had now Mr. Nichols. 
for some time been standing at a figure which indicated that 
practically every second person in the country could expect to be 
injured sooner or later in a road accident. With a million people 

being injured about every 43 years, no factors which promised 
improvement could be too large or too small for consideration. The 
Paper dealt primarily with the construction of new roads, but on 
p. 189 the Author deduced that road accidents on existing roads were 
chiefly ‘‘due to the personal element and occur in circumstances 
for which the road user is primarily responsible.” Had the question 
ever been considered from the point of view of the psychological effect 
on a driver of exasperating absurdities in road design, which were 
bound to be a contributory factor, as hours of driving increased, in 
producing a state of mental fatigue and carelessness which led to 
accidents? The large number of accidents which were reported to 
have occurred on straight roads (Fig. 4) (apart from the fact that 
straight roads constituted a bigger proportion of the total road 
_ mileage than did other categories) might be in part explained by 
that cause. The “absurdities” referred to included “ contrary 
super-elevation ” produced by camber on the outside of curves, for 
which there could not be any justification ; to make matters worse 
such curves were usually provided with a “ white line” along the 
centre of the road to make sure that the motorist was forced on to 
the adverse cross-slope. At such points a uniform cross-fall sufficient 
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for drainage was the least that the average motorist would demand, — 
an arrangement which could present no embarrassment- to slower 
forms of traffic. He had noticed, however, that new roads were 
still being constructed in certain parts of the country with that 
dangerous feature in evidence. It might be instructive if accident — 
statistics could show whether the time a driver had been at the 
wheel had any bearing on his liability to accidents, and whether 
cars of higher-grade construction were any less accident-prone than 
cheaper cars. The slipperiness of certain roads when wet was 
certainly a contributory factor to the production of accidents, and 
he would suggest that drivers should be warned by suitable signals 
of roads which were known to be slippery when wet, instead of being 
left, as at present, to discover dangerous conditions for themselves. 
Similar signals might be used to indicate bends with adverse camber. 
With regard to the separation of different grades of traffic, there — 
was no question that, in countries such as India, bullock-cart traffic 
had to be removed from roads constructed for motor vehicles, not so 
much from the point of view of preventing accidents, but to enable 
motor traffic to proceed. Nothing short of a substantial earth bank 
ought to be used to separate the two roads. He proposed that 
something approaching the same standard of thoroughness in 
inspection by a central authority, working to a standard code, as 
now applied to a new railway, should be adopted before a new road- 
way was opened to traffic, and undesirable features, if present, should 
preclude opening until they were removed. There were a number 
of features in railway permanent-way practice which road engineers _ 
could well afford to consider. ; = 
Mr, A. A. OsBorNE pointed out that an analysis of the 1,849 
deaths of pedestrians when crossing the roads (60 per cent. of the 
pedestrian fatalities) was desirable, and that that figure alone justi- — 
fied greater emphasis upon the provision of pedestrian subways than 
had been given in the Paper. The Author mentioned on p. 178 a — 
marked reluctance on the part of pedestrians and cyclists to cross the 
road other than on the level, but had reasonable facilities been — 
afforded to enable a judgement to be made? The subways at present _ 
provided at busy crossings in towns could not be taken as a cri- 
terion. The majority had narrow stairways with short treads and — 
were consequently inconvenient, and consisted of a badly-decorated — 
and gloomy passage. All subways ought to have ramped approaches — 
with effective lighting and a pleasant atmosphere similar to that of — 
the modern tube station. Pedestrians had an aversion to using h 
steps, but few would wait for traffic control or would risk dodging 
the traffic when the roadway could be immediately crossed in safety 
by walking straight on down a ramped subway. The cost of ‘ 
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_ ramping existing subways (including alteration to services and Mr. Osborne. 
compensation to frontage-owners) would be justified, as the present 
_ reluctance to use subways would be overcome and their use could 
_ then reasonably be made compulsory. 
The provision of street refuges and controlled pedestrian crossings 
_ was considered as the most promising measure for the protection of 
_ pedestrians in busy streets, but they invariably caused traffic con- 
_ gestion by the continual “hold-ups” for pedestrians. The pro- 
vision of the type of subway already advocated, with compulsory use, 
should therefore supersede such measures wherever possible. 

Mr. A. W. Purcuas pointed out that the bulk of the conclusions Mr. Purchas 
summarized at the end of the Paper referred to the design of new 
roads in open country. The Author also stated that during the last 
7 years only 40 miles of new roads had been built per annum, that 

47 per cent. of the fatal accidents were to pedestrians, and that 62:3 
per cent. of the accidents were in built-up areas. Whilst the Author’s 
suggestion that by-pass roads and arterial roads should be con- 
structed between given points to take fast traffic would, undoubtedly, 
relieve some of the traffic in built-up areas, the major problem of 
reducing accidents in the built-up areas would still remain; and 
the two problems were not necessarily identical. 

With regard to built-up areas, the problem was largely 
psychological. The pedestrian could be persuaded to do certain 
things, but it was difficult to drive him. In that connection Mr. 
Purchas considered that the present design of pedestrian crossings 
was not sufficiently distinct to induce the pedestrian automatically 

_ to make use of them. Further, they were not sufficiently obvious 
at a distance to the drivers of motor-cars. Many drivers with whom 
he had discussed that point agreed that they kept their eyes on the 
~ road and did not notice beacons and signs at the side of the road. 
Again, cars were, on occasion, actually driven past traffic lights at 

- crossings when the red light was against them ; the only explanation 
possible for such a foolhardy proceeding was that, owing to the 
light and other conditions at the time, the driver had not seen the 
signals. Metal studs in the road surface were not sufficiently 

_ obvious to drivers, besides being dangerous to cyclists. He sug- 

gested, therefore, that warning signs of all kinds should be in a 

bright colour on the road surface itself, and that pedestrian crossings 
a should be distinctively coloured over their whole area. They would 
_ then be obvious to even the lowest-seated drivers of cars at least 
100 yards away. If normal care were taken to maintain non-skid 
_ surfaces on the road for 100 yards on either side of the crossing, with 
; no stopping and no overtaking of vehicles allowed within 20 yards 
7 _ of a crossing, the crossings would be absolutely safe to use. a) 
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Mr. Purchas. 


‘points only, namely accidents on straight roads, roundabouts, and , 
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If full information were obtained regarding the cause of accidents { 
on open roads many such accidents would be found to have taken — 
place during periods of bad light, fog, and at night. For that reason, 
he thought that the use of distinctive colours for cautionary signs 
on the actual surface of the road itself, and the laying of the roads 
in distinctive lanes of light colours—which was an undoubted aid 
to keeping traffic in the proper position on the road—would assist 
in reducing accidents. He agreed with the Author as to the 
advantages of light-coloured curbs; curbs, however, did not help 
the motorist across wide road junctions, particularly in fogs, and 
that afforded a further example of the necessity for the surface of 
the road to be clearly marked into lanes by distinctive light-coloured 
surfaces. 

Would not the time come when pedestrians would be confined to 
overhead pavements at the levels of the present first floors of build- 
ings in busy streets? Those who knew Chester would realize that 
such a measure could be adopted. The expense of such alterations 
would be less than any other alternative, such as underground ~ 
pedestrian crossings. No stopping or parking of cars would be 
allowed in the main streets, and cars and hackney carriages would 
set down their passengers in the side streets ; if the elevated footways 
were roofed with glass there would be no great hardship for those — 
who required to enter a building half-way between side streets. The 
change of a main entrance from the ground floor to the first floor was 
not impracticable or very costly. 

Professor F. G. Royat-Dawson confined his remarks to three 


super-elevation. Accidents on straight roads, which preponderated — 
numerically, were stated in the Paper as being within the control 
of the persons involved. He believed that the underlying cause, 
direct or indirect, in many cases was the existence of camber; — 
although it might seem easy to keep a car on its proper side of the 
road, a subconscious effort was required to steer a straight course — 
on a side-slant, as could be verified by the tendency of a car to veer — 
towards the near curb if the hands were taken off the steering wheel _ 
for a few seconds. Consequently, the average motorist, when not 
encountering traffic, naturally steered on the crown, which was the 
only restful part of the road, especially under slippery conditions ; é 
the value of widening schemes for increasing traffic capacity was 
therefore discounted. The only effective remedy would be some 
form of camberless surface, such as had already been tried to a limited ie 
extent, consisting of a porous level surface-mixture on an impervious ~ 
cambered subsurface to take the drainage. In the interests of safety 
he ace nelle that that problem be investigated immediately. A 
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‘mplication that he had to drive alongside the curb whether or not 


meaning. 

_ The Author also suggested curved, instead of straight, roads to 
avoid monotony. That alternative would overcome the camber 
problem, for the super-elevation would in such a case automatically 
provide drainage facilities. A further advantage of the curved road 
would be to mitigate the evil of dazzling headlights at night. 

The Author’s remark that the ideal road was one that could be 
traversed. throughout its length at a constant speed was no mere 
platitude, but was a fundamental desideratum. Every motorist 
had a normal speed of travel and disliked sudden checks, but would 
slow down naturally, and perhaps unconsciously, when entering a 
well-designed transition curve adapted for a lower speed-standard. 
For that reason, he deprecated the Author’s objection to a bell- 
mouth entrance to a roundabout, and especially his suggestion that 
a 35-foot radius curb was sufficient. The rear-wheels of a motor- 
coach or lorry might be able to take that turn at a very low speed, 
but the front wheels would have to take a consideranly wider sweep, — 
thus fouling the next traffic lane. In any case, violent physical 
checks to natural movements in respect of either speed or path of 
travel were incompatible with good design, either in roundabouts or 
in any. other form of carriage-way, although restricted dimensions 
(with risk of congestion) might sometimes be unavoidable in cramped 
situations. 

In advocating a maximum of | in 12 for super-elevation the Author 
omitted to suggest the corresponding maximum centrifugal ratio 
due to the speed for which the curve was designed, and to which it 
should be definitely related. Professor Royal-Dawson had always 
advocated a maximum centrifugal ratio of 0-25 combined with a 
maximum super-elevation of 0-10, or 1 in 10, as was adopted in many 
countries. In America the corresponding maxima were 0-26 and 
0-104, or 1 in 9-6, respectively. In both cases the relationship was 0-4. 
That might be called the “0-4 rule,” under the operation of which 
the super-elevation speed was always a little less than two-thirds 
(actually 0-63) of the full speed value of the curve, whatever the 
actual super-elevation might be at any given point. In practice the 
latter would rarely attain 1 in 10 and then only for a short distance ; 
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it would usually be well under 1 in 12. By making 1 in 12 ar 
maximum, the dilemma arose of either limiting the centrifugal r, 
to 0-21, in maintaining the 0-4 rule, or of making the latter relat 
ship 0-333 if the centrifugal ratio of 0-25 were maintained. By 
latter alternative the super-elevation speed was reduced to only 
0-57 of the full-speed value of the curve, thereby appreciably reducing 
the speed potentiality of the curve under slippery conditions, besides 
unnecessarily depriving curves in general of a reasonable standard of 
super-elevation. : 
The AUTHOR, in reply, agreed with Sir Henry Maybury that the 
traffic had arrived before the roads were made fit to deal with it, 
and that engineers had, in fact, been endeavouring to make good the 
leeway ever since. He also agreed with Mr. Tripp that the removal 
of obvious danger points did not necessarily lead to an added measure 
of road safety, for the desiderata at which the engineer aimed—good 
alignment and ample vision and width—were just those whicl 
encouraged the growth of traffic and led to increased speed. Never 
theless, the roads had to be made as safe as possible for road user 
of all classes, and engineers had to endeavour to protect them even 
against themselves. There was general concurrence that the use 0 
the road indiscriminately by all classes of traffic was fundamentalh 
unsound, and on engineering grounds he was in accord with Mr. Ash 
forth concerning the provision of motor-ways, as would be found o. 
reference to the Paper. It was obvious, however, that such a drastic 
change in road policy had to have behind it the weight of publi 
opinion and had to be determined with due regard to the industrial 
and economic considerations which were involved. It must, more: 
over, be borne in mind that segregation of traffic on those lines coulé 
only be carried out to a limited extent and that the accident proble 1 
(with which the Paper was particularly concerned) would still be 
present although in a somewhat modified form. It had to be 
remembered also that the great advantage of a motor vehicle 
whether industrial or private, was that it served a distinctly social 
purpose ; it delivered from door to door. In the main, road traffi 
would continue to be mixed and the problem of road safety had to 
treated with that knowledge in mind. That line of thought had bee 
clearly expressed by Mr. Clayton. Mr. Humphreys had askec 
questions concerning the scope and cost of motor-ways. Project 
had been put forward some years ago, as a result of private ente: 
prise, for the construction of motor-ways between London, Birming 
ham and Manchester, but they had come to nothing. The estimate 
which had then been prepared had had no relation to present-day 
prices, and obviously much preparatory work would be involved i 
preparing schemes which would satisfy present requirement 
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Brighton. There was much to do in the production of uniformly 
mon-skid surfaces, although, as set out in the Paper, considerable 
advance had been made in that direction within the last 3 or 4 years. 
The results of experimental work carried out by, and in co-operation 
with, the Ministry of Transport were published annually in the 
Reports of the Experimental Work on Highways (Technical) 
Committee. It was improbable that any one type of surface could 
be capable of adoption in all circumstances and on all roads, and the 
desideratum was to make the best use of local materials which were 
available, with due regard to their suitability in other essential 
respects. 
_ The various suggestions concerning methods of compiling accident- 
records had been noted. There was no doubt that there would be 
marked improvement from the point of view of accuracy if the 
responsible highway engineer were consulted at the earliest possible 
stage. Co-operation between the police and the highway authorities 
was a matter which rested mainly with those who were responsible 
for local administration, and it could not be said that efforts in that 
direction had been uniformly successful. Mr. Bennett was to be 
congratulated on the work he was doing in Oxfordshire in that 
connexion. 2 

_ There seemed to be an inherent objection on the part of pedestrians 
to the use of subways and footbridges, and it was apparent even in 
the case of structures which were well sited and properly designed. 
Ramps in lieu of steps might attract cyclists, but it was doubtful if 
that form of approach would lead to the greater use of subways by 
pedestrians, whilst the constructional difficulties would obviously be 
greater. The great majority of people appeared to prefer the hazard 
of crossing on the level rather than passing over or under a street, 
and they would continue to do so in the absence of some definite 
measure of restraint, either of a legal or a physical nature. It was 
impossible to estimate the effect of the driving test on the number 
of accidents, for there were so many other concurrent measures to 
take into account. It was known that the proportion of rejections 
was about 21 per cent. and that might be some indication of its 
usefulness. He did not under-estimate the importance of the 
personal factor in relation to road accidents, or the advantages of 
psychological tests in that connection. Much had been said regarding 
the design and siting of traffic-warning signs and signals. The whole 
subject had been considered by a strong Departmental Committee 
presided over by Sir Henry Maybury and their recommendations 
had been adopted by the Minister of Transport almost in their 


1 Published by H.M. Stationery Office. 
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entirety. Opinions were bound to differ on such matters, and i 
was impossible to do better than to act on recommendations ! 2 
to apply the results with a maximum measure of uniformity. : 

The object of keeping the radius of curbs at junctions witl 
reasonable limits was to ensure that vehicles entering from side street: 
did so at reasonable speeds, and that the risk to pedestrians i 
crossing a carriage-way was reduced toa minimum. With regard ti 
super-elevation, it had to be borne in mind that the roads were 
by all types of vehicles, mechanically-propelled and horse-dr: 
running at varying speeds, and that under present conditions of roat 
traffic those considerations precluded precise calculations, such a 
were appropriate in railway practice, and which would be so in’ t b 
case of roads restricted to the use of mechanically-propelled veh: 

Fig. 8 was intended to illustrate a typical design of fly 
junction, but it would be appreciated that every particular case he 
to be considered in the light of local circumstances. The longitudina 
profile would consist of two approach-gradients of 1 in 30 joined by: 
vertical curve which would include the 140-foot span of the bridge 
Having regard to the vertical curve, the depth of the bridge, and ; 
minimum headroom of 16 feet 6 inches, it did not seem possible t 
make any appreciable reduction in the dimensions of the fly-ove 
The design in Fig. 9 was diagrammatic and was base 
on a lay-out illustrated in Die Reichsautobahnen, published on behal 
of the Inspector-General of German Roads. No estimate of the cos 
of that junction had been prepared, but it would certainly be heavy 
There was no obvious need for the connection between the spi ra 
approaches and the diagonal links. 

Mr. Husbands would no doubt have seen that the design of a fly 
over junction had been set as a subject for mp for th 
Charles Hawksley prize for 1937. . 


1 Based on the best information available. 
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INTRODUCTION. 


In many countries the same canals are used for navigation as well 
as for drainage, as, for instance, in Germany and Italy. In no 
country, however, is this done to such an extent as in the Netherlands, 
where conditions were such that it followed almost as a matter of 
course that freight- and passenger-traffic should largely take place 
by water along the newly-dug drainage canals in and outside the 
“polders,”’ the reclaimed areas, generally enclosed by dikes, from 
which the water had been lowered by pumping. 

These canals were dug in level country with a small slope, and had, 
therefore, to have comparatively large cross-sections to be able to 
discharge sufficient water. For this reason the velocity of the 
water in these Canals during maximum discharge was small, whilst 
during periods of small discharge it was hardly noticeable. More- 
over, the dimensions of the vessels then in use were small. 

As a result of this, there developed in the Netherlands several 
centuries ago an extensive navigation on the drainage canals, without 
any great conflict of interests arising between drainage and naviga- 
tion. Even so, as navigation was best served by a high water-level 
in the canals and drainage by a low one, cases could arise in which 
there was a difference of opinion about the most suitable water-level. 
In the low-lying western part of the Netherlands, difficulties first 

_ arose when the dimensions of the vessels increased, and particularly 
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, when some of the drainage or discharge canals ers used by sea-going 
ships. 


The North Sea canal, from Amsterdam to Ymuiden, is an example 


_ of such a canal (Fig. 1). This canal, including the branches which 


have the same water-level, has a surface area of about 1,250 hectares.1 
The most desirable level of the water in this canal is —0*50 metre 
N.A.P.,? whilst it is furthermore considered very undesirable to have 
the level of the water attain a height of —0-20 metre N.A.P. 
During rainy periods the canal receives great quantities of water, 


_ sometimes as much as 7,500,000 cubic metres or more per day during 


several consecutive days. This water is evacuated from the canal 
(Fig. 1) at the eastern end into the recently enclosed Zuider Zee by 
a pumping plant and, to a small extent, by run-off through sluices, 


_ and. at the western end into the North Sea solely through sluices. 


The pumping plant at the eastern end has a capacity of about 
3,000,000 cubic metres per day, so that during wet seasons 
about 4,500,000 cubic metres per day must be discharged in other 
ways. It follows, therefore, that these 4,500,000 cubic metres per 
day must be removed by natural flow through the sluices at the 
extremities of the canal; most of this quantity is discharged through 
the sluices at the western end of the canal. Almost all the water 
that flows into the canal enters in the eastern half of it, so that during 
sluicing there is an appreciable current in the western half of the canal. 

The state of affairs, however, is very much worse than it seems, 
because it is only possible to evacuate water during the ebb tide 
(the sea-level at Ymuiden at mean low tide being —0-84 metre 
N.A.P.), whilst when the sea is high, such as during storms, sluicing 


_ is quite impossible. As a result, when the canal receives much 
_ water during rainy periods, the amount of water that must be 


discharged on the days when sluicing is possible is much greater than 
2,500,000 cubic metres. The total discharge per tide sometimes 
amounts to more than 6,000,000 cubic metres, during which as much 
as from 350 to 400 cubic metres per second is discharged. The wet 
cross-section of the canal was, until recently, about 800 square 
metres. The mean velocity of the current in the canal for a discharge 


_ of 400 cubic metres per second attains, therefore, a value of 0-50 


ee ee bees. | 


metre per second. This high rate of discharge, however, only 
occurs during a short period at the lowest ebb stage, and as it only 
takes place when the canal has received much water, it is evident 
that this high velocity of current will occur but seldom, and then 


only at the most for a few consecutive hours. 


- The cross-section of the canal is at present being enlarged to 


1 1 hectare equals about 2°5 acres. 
2 N.A.P. is the Amsterdam datum (mean sea-level). — 


that the small rivers have to handle has increased. The velo 
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1,440 square metres, and the necessary works are almost completed a 
On the other hand, when the new sluices which are designed for 
Ymuiden are also completed, the maximum discharge per second 
and the total discharge per tide will also be materially increased. 
It is expected, however, that the maximum velocity in the canal 
will not be greater then than it is at present. Current-measurements _ 
in the canal have shown, as was to be expected, that during short 
periods there are frequently velocities of from 0-40 to 0-50 metre 
per second. It was further noted that, on several occasions, the 
surface-velocity in the middle of the canal was greater than the 
above figure, so that the velocity at a greater depth was decreased. — 
The largest vessels using the North Sea canal have a beam of 
about 23 metres and a maximum draught of 9 metres, so that the 
wet cross-section of these vessels is about 205 square metres. When 
the enlargement of the canal is completed, the ratio of this cross- 
section to the wet cross-section of the canal will therefore be about 
1:7. In spite of this favourable ratio, the vessels navigating the 
canal sometimes have some difficulty with this current; this is. 
especially the case with empty vessels, moving with the current — 
with a stern wind, particularly if they have to stop. ¥ 
During the nineteenth and early twentieth centuries, conflicting 
interest arose from the fact that a navigation canal follows, whenever 
possible, the same contour line, whilst the streams which are utilized 
for drainage run at right angles to it. Lack of funds often led to the 
water being conveyed from one side of the canal to the other over or 
through the canal dikes, so avoiding a culvert. This solution satisfied | 
neither the canal authorities, the navigation interests, nor the users — 
of the grounds along the stream, as the amount of water, which in 
wet periods was conveyed over the canal, depended on the manner 
in which one or more sluices were manipulated. a, 
With new canals, drainage water is therefore never conveyed 
over or through the canal dikes, whilst, when this occurs on old canals” 
new culverts are made, if possible, under the canal. Such canals, 
which were mostly built in the first three-quarters of the nineteenth 
century, have, for the Netherlands, small dimensions and are only 
adapted for small vessels (from 140 to 200 tons). The ratio of the 
wet cross-section of the vessels (/) to the wet cross-section of the 
canal (F) is unfavourable. Data concerning three such canals are 
given on p. 225. ea 
To lessen the cost of construction, the canals in some cases — 
followed a river for a part of their Jength. As a result of the im- 
proved drainage of the surrounding lands, it has been generally 
observed in the Netherlands that the maximum amount of run-of 
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Width Width Wet cross- 

.| (water- D ion: 

ze eaten x pass z Hote Slopes bytes 

2 : metres, metres. 

-_ Canal from Assen to Meppel 8 18 2°50 1 to2 32°50 

Canal from Zwolle to Almelo 7 13.80 1:70 1 to 2 17°70 
South Willems canal (Bois- 

le-Duc to Belgian frontier) 15 24 2°30 1 to 2 45 


of the current is therefore also increased, and great care must be 

_ taken to prevent the water-level in the river-reach of the canal from 
becoming too high. This difficulty, together with difficulties of 
navigation along such lengths, led to efforts being made to separate 
canal and river and to carry the stream under the canal by means 
of a culvert. Dutch engineers at the end of the nineteenth and the 
beginning of the twentieth century were of the opinion that it was 
undesirable to utilize a navigation canal for drainage purposes. 
Changed conditions after the War, however, made it necessary to 
reconsider this question. 


GENERAL REMARKS ON Surp-CANALS UTILIZED FOR DRAINAGE. 


When a ship-canal is to be used for drainage, there are four major 
points to be considered : 

(1) The maximum permissible velocity of the current so as to 
allow of the maintenance of the slopes and the bottom of the canal. 

(2) The maximum permissible grade. 

(3) The danger and hindrance to navigation during maximum 
discharge. 

(4) The economical side of the question. 

These points will now be further discussed. 

(1) Care should be taken that sand from the sides or the bottom 
is not transported along the canal, as this will considerably increase 
maintenance costs, not only because bank-protection will then be 
called for, but also because the sand will settle where the cross-section 

of the canal is increased, such as at harbours, quays, and at the end 
of the canal, and will thus cause shallows. 

The velocity of the current during maximum discharge must 
therefore not exceed a certain value, determined by the fineness 
of the sand. As a rule the results of past experiences are used to 

determine this permissible maximum velocity of current, which is 
such that sand is just not moved along the canal. Model-tests in an 
_ hydraulic laboratory can also give useful information. 

It often happens that the soil in which a canal is built is not the 


ts) 


Z 

_ ; 

2 7 et ee 

ss a 


* 


226 WENTHOLT ON SHIP-CANALS UTILIZED FOR DRAINAGE. 


same along its whole length, and in cases where the greater part of 
the canal may be situated in coarse material, the bottom and the 
banks, where laid in a fine sub-soil, can be covered with coarse sand — 
or gravel. 
The velocity of the current in a canal is momentarily greater than 
Q/F, where Q denotes the estimated maximum discharge per 
second and F the cross-section of the canal, for two reasons, namely : 
Firstly, during the passage of a vessel the water must be dis- — 
charged temporarily through a smaller cross-section. Secondly, the 
filling and emptying of a lock causes a wave on the adjacent reach. 
This wave and the resultant velocity of the water cannot be neglected 
in modern canals with locks with great lifts and large lock-chambers, 
which are filled or emptied quickly. In the newer Dutch canals the 
- velocity of the current under this wave is for several minutes as — 
much as 0-20 to 0-30 metre per second. 
The question arises as to whether, in designing the cross-section 
of the canal, the temporary increase of velocity of the current as a 
result of the above-mentioned causes must be considered. In ~ 
deciding this, account must be taken of the fact that this increase — 
of velocity acts only for a few minutes, and furthermore that the — 
maximum discharge will, as a rule, only take place during a few 
days in the year. A cross-section of such a design that move- 
ment of sand along the canal will never take place generally requires 
dimensions that are greater than are permissible from an economic 
point of view. It should, therefore, be considered sufficient to give 
_ the canal a cross-section such that the velocity of the current as 
determined by Q/F is just below the critical velocity at which sand 
is transported. 
(2) If a canal-reach, from which water is discharged, is long, then 
the slope of the water during discharge should also be considered. — 
This is important in connection with the height of the fixed bridges, — 
quays, etc. In some cases the difference in water-level between the 
upper and lower ends of a reach will be greater, due to the action © 
of the wind, than would be expected from the hydraulic calculations. 
(3) The velocity of the current in a canal must never become so 
great as to be dangerous to navigation. Not only upstream but 
especially downstream navigation has to be considered in this respect. _ 
Particular account must be taken of the fact, mentioned under (1),34 
that during several minutes the maximum velocity of the current _ 
is far greater than would be expected from the formula Q/F=v. It — 
is undesirable that the velocity of the current should be so grea 
that it becomes difficult or impossible to navigate the canal with — 
ordinary vessels. It is also a serious disadvantage if the velocity — 
is such that a tug of the type ordinarily employed cannot be used. 


WENTHOLT ON SHIP-CANALS UTILIZED FOR DRAINAGE. 227 


(4) It is extremely difficult to determine what is the most desirable 
cross-section of a canal from an economical point of view, even if 
the velocity of the current can be left out of the consideration. . 

Assumptions must be made with regard to: 

(i) the amount of traffic ; 

(ii) the kind of vessels which will be used ; 

(ii) the traction costs per horsepower-hour, which depend on the 
kind of power used and on variable fuel-prices ; 

~ (iv) the influence of the speed of vessels navigating a canal on 
economical transportation (the greater the cross-section, the greater 
the permissible speed) ; 

(v) the increased construction-costs of a canal with greater 
dimensions ; 

(vi) the increased or decreased maintenance-costs of a larger canal. 

Most of these assumptions are not much better than intelligent 
guesses, and this deprives the results of the calculations of much of 
their value. The question becomes still more difficult when the 
velocity of the current in the canal has to be considered. It is then 
necessary to determine during what part of the year and with what 
velocities the current will act, while, furthermore, account must be 
taken of the fact that downstream traffic will be benefited by the 
current through a saving in fuel. 

All these factors governing the design of a combined navigation 
and drainage canal have been mentioned because of the fact that if 
an engineer does not take account of all of them he is sometimes 
accused of lack of thoroughness. It is, however, impossible in 
most cases to consider all these factors, because the calculations are 
too complicated and the different assumptions made are of doubtful 


value. 


PERMISSIBLE VELOCITY OF CURRENT IN A Surp-CANAL. 


It was shown, under (4), above, that it is practically impossible to 
determine the permissible velocity of current in a combined naviga- 
tion and drainage canal if all the economic factors involved are 
brought into the calculation. Moreover, most of these factors are 
contestable. The most practical method is found to be to base the 
calculations on a given tug-pull per net ton of freight with a given 
velocity of the tow during periods of maximum velocity of current, 
and not to take into consideration the factors mentioned under (4). 

_ The tug-pull must in every case be assumed by the designer of 
the canal. Intherecently-completed Twenthe canal (from Zutphen to 
Enschede) in the Netherlands, a canal which is used to a considerable 
- extent for drainage purposes, it was assumed that by a tug-pull of 
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a 1 kilogram per net ton of freight during maximum dischnevel the 

A largest vessels should be able to maintain, when moving ene 

ae a speed of 4 kilometres per hour with respect to the bank. For 

>a small vessels the speed would then be greater. 

With these assumptions a cross-section for the canal can bee 
designed, although the calculations are not simple. Use has to be - 

z made of formulas for the resistance of vessels, or, if this is preferred, 

i the resistance of the vessel can be determined empirically in an — 

ay hydraulic laboratory. 
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PERMISSIBLE DISCHARGE IN A CANAL WITH DIFFERENT Cross-SEOTIONS. 


The factors to be considered are :— 

(1) the cross-section of the canal ; 

(2) the width of the canal on the water-level ; 

(3) the drop in water-level during the passage of a vessel : 

(4) the length of the vessel ; 

(5) the beam of the vessel ; 

(6) the draught of the vessel ; 

(7) the underwater or wet cross-section of the vessel ; 

(8) the increase in the resistance of the vessel immediately — 
following the tug, due to propeller action, and assumed to be from 
10 to 20 per cent. 3 
____ It is beyond the scope of this Paper to give the complete calcula- — 
tion necesssary to determine the cross-section of a canal for an 
assumed maximum discharge. If the calculations are made, it — 
appears from Fig. 2 that the permissible velocity increases with an ; 
increase of F'/f, and that the relative amount of water that can be - 
discharged through the canal increases rapidly with an increase 
cross-section of the tanals ives aan 2. Gieew oui nathgie’ 
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Fig. 2 is for a canal wherein the condition was made that, with a 
tug-pull of 1 kilogram per net ton of freight, a vessel of 1,000 tons 
(length 75 metres, beam 8°50 metres, and draught 2-25 metres) 
should, during maximum discharge, be able to maintain a speed of 
4 kilometres per hour. When the dimensions of the vessel are 
increased, as for example for a barge of the Rhine—Herne canal type, 
of 1,350 tons (length 80 metres, beam 9-50 metres, and draught 
2-5 metres) the cross-section of the canal must also be increased. If 
the largest vessels are seldom used, the designer should consider 
whether, in determining the cross-section of the canal, these vessels 
should be taken into account or not. For the Twenthe canal, which 
is navigable for 1,350-ton vessels, the calculations were carried out 
for 1,000-ton vessels. 

Examples of how these ideas were put into practice can be found 
in connection with the Twenthe canal from Zutphen to Enschede, 
which has recently been completed, and in the South Willems canal 
and the Wilhelmina canal. In the former case it was found possible, 
by utilizing the canal for drainage, to reduce considerably the cost 
of the works required for the improvement of the drainage of the 
three small rivers, the Berkel, the Schipbeck, and the Regge. By 
enlarging the cross-section of the canal over a length of about 20 
' kilometres to one-and-a-half times that required for navigation 

only, and by the construction of certain works which are described 
later, it was possible to avoid the construction of a large number of 
culverts under the canal, which are always expensive to build. It . 
is estimated that the value of the adjacent land has increased by 
16,000,000 florins, while the costs of the whole canal are only about 
20,000,000 florins (£1—=about 7-20 florins). 

2 In the latter case the problem to be solved was different ; whilst 
in the case of the Twenthe canal it was necessary to decide what 
the dimensions of the ship-canal had to be in order to discharge 
a given quantity of water, on the South Willems canal and the 

Wilhelmina canal, the problem was to find out the greatest quantity 
of water that could be evacuated through a given ship-canal, if 
absolutely necessary from a drainage point of view. The estimated 

costs of the drainage-works necessary, if the canals had not been 
used for drainage, were about 12,000,000 florins. Results have 
shown that the discharge of water through these canals has not given 

rise to serious complaints from navigation interests. The greatest 
velocity of current in the Wilhelmina canal is 0-33 metre per second, — 
whilst that in the South Willems canal is 0-24 metre per second. 

The maximum discharge occurs but seldom, and then only for short 


periods. — 
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Tur InFLow STRUCTURE FOR THE BOLKSBEEK. 


The utilization of the Zutphen—Enschede canal for drainage 
necessitated the construction of a number of interesting hydraulic 
structures, in which the designer was called upon to solve several 
rather complicated and difficult problems. The first structure to 
be considered is that for receiving the water from the Bolksbeek into 
the canal. 

The Bolksbeek, which flows at right angles to the canal, discharges 
at present a maximum of 50 cubic metres of water per second into 
the canal. It was thought advisable, however, in the design of the 
structure, to consider a possible increase in the future of 25 cubic 
metres, so that the structure is designed for a maximum discharge 
of 75 cubic metres per second. The high-water stage in the Bolks- 
beek is 13-90 metres above N.A.P., whilst the height of the water in 
the canal is 10 metres above N.A.P., so that the water must fall 
3:90 metres. It is furthermore necessary to prevent sand, which is 
transported by the Bolksbeek in large quantities, from entering the — 
canal. It has been estimated that as much as 20,000 cubic metres 
of sand is transported in a year, although, as a matter of fact, the 
quantity will probably be much less, as in the summer months during. 
dry seasons the Bolksbeek is frequently dry for long periods. 

The structure for receiving the water had to be such that the 
following conditions could be fulfilled :— : 

(1) Navigation must not be hindered by a discharge of 50 cubi 
‘metres per second, and must not be impossible when 75 cubic metres 
per second are discharged ; 

(2) There must be no serious scouring of the bottom of the 
canal or of the Bolksbeek ; 

(3) Silting of the canal must be prevented. 

In order to obtain the best solution of this problem, extensive 
model-tests on a small scale were carried out in the hydraulic 
_ laboratory at Delft. It was self-evident that a weir in some form 
would have to be used. Whilst it would be possible to catch the — 
sand brought down by the Bolksbeek in a settling-basin below the 
weir, the sand thus caught would have to be removed by dredging. 
This would be rather expensive, as, although the quantity to be 
removed would be relatively small, a dredge stationed at a point far 
removed from the canal would be necessary. Furthermore, the 
transport of a dredge along the canal, with its fixed bridges with a 
comparatively small clearance, is not without difficulties. On the 
other hand the settling-basin below the weir was without any 
technical advantages, and also appeared to be rather costly to | 
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construct. This was due to the fact that, owing to the elevation of 
the ground, a large amount of excavation would be necessary when 

- constructing the basin, the bottom of which would have to be con- 
siderably below the height of the water in the canal. 

It was soon decided, therefore, that it would be better to make 
the settling-basin above the weir. As the Bolksbeek is dry in the 
summer months, the sand deposited can then be removed out of a 
dry basin. This sand will probably have some economic value and 
can be sold. If this is not possible, it will be necessary to accumulate 
the sand, and so a suitable space has been reserved for it. The weir 
to be used may be constructed according to one of the two following 
principles :— 

(A) a weir of which the down-stream side adjoining the canal has 
a gradual slope or, in other words, a shoot; or 

(B) a weir of which the down-stream side adjoining the canal is 
vertical, or, in other words, has a drop. 

A settling-basin can be used without difficulty by both types 
of weirs. In designing the settling-basin, care should be taken that 
the increase in cross-section of the canal up-stream from the weir 
which forms the basin is sufficient to secure a reduced velocity 
whereby the sand transported by the water can be deposited. 

To ensure that ships are not hindered by the water entering the 
canal, the length of the weir must not be too small. The tests on 

- the small-scale model showed that a weir-length of 45 metres would 
be necessary. It was further shown that. it was advantageous to 
place the weir not parallel to the canal, but at an angle, so that 
the water pouring over the weir has a velocity component parallel 
to the axis of the canal. The tests showed clearly that with both 
types of weir it would be necessary to have a sill down-stream from 
the weir. 

In Figs. 3 (p. 232) is given the structure of a weir of type (A), referred 
to above, that satisfies all the conditions. The first tests of the weir 
of type (B) were made with an elevation of the down-stream weir 
floor of 5-00 metres, and a sill elevation of 6-00 metres above N.A.P. 
(mean sea-level). The results with this elevation of floor and sill 

__ were not wholly satisfactory for passing vessels. Tests were then 

made with a considerably-increased elevation of floor and sill, and a 

marked improvement was noted. It was finally decided to construct 
a weir of type (B). The location of this weir with respect to the 

canal is given in Fig. 4 (p. 234) and its form and dimensions are 

shown in Fig. 4 (p. 235). 

There are several points in the construction of this weir that are 
worthy of a more complete description. The down-stream floor or 
apron of the weir is, with the sill on the down-stream end, 7 metres 
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Figs. 3. 
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wide. The most favourable distribution of the water entering the 


canal was obtained by laying this floor and sill out of level. The 
elevation of the floor on one side is 8-35 metres and on the other side 
8-80 metres above N.A.P. (mean sea-level). As the elevation of the 
water in the canal is 10-00 metres above N.A.P., and the crest of 
the sill throughout its whole length is 1 metre above the floor, the 
depth of water above the sill is at one end only 0-20 metre and at 
the other end 0-65 metre. 

This comparatively high sill was found necessary, but it caused 
waves in the canal; the amplitude of these waves was, however, 
small, being about from 0-20 to 0-25 metre, and caused no hindrance 
to passing vessels. 

Down-stream from the sill but not immediately adjoining it, 
erosion of the canal bottom from the water pouring over the sill 
could be expected. This is caused by the water having a tendency 
to jump over the sill, as it were, and to form a vertical eddy. To 
prevent this erosion, it is necessary to place a mattress 10 metres 
wide with rock-filling down-stream from the apron (Figs. 4 and 5, 
pp. 234 and 235). The form and angle of the wing-walls called for 
especial care, as otherwise eddies would be formed. The tests 


__ showed that the form of the wing-wall as given in Fig. 4 gave the 


best results. 

When the form and dimensions of the weir were fixed, the design 
and construction of the weir offered no particular difficulties. Only 
the following points required special attention : 

(1) The difference in the height of the water above and below the 
weir called for means to prevent seepage under and around the 
weir. To prevent this seepage cut-off walls of steel sheet-piling were 
driven below and on both sides of the weir (Figs. 4 and 5). 

(2) An air duct terminating at each end of the weir was placed 
under the crest of the weir. This was considered necessary to prevent 
a partial vacuum from forming behind the water-jet, with the result 
_ that the water would no longer spring clear from the crest of the 
weir. 

(3) It was considered desirable that the height of the water in 
the Bolksbeek during the summer, when the discharge is never 
greater than 10 cubic metres per second, should not exceed 11:57 
metres above N.A.P. (mean sea-level). To attain this, six orifices 
were made in the vertical weir-wall. These orifices are open in the 
summer and are closed with sluice-gates in the winter. The con- 
struction of these orifices with their sluice-gates is much simpler 
in a weir with a vertical face than in a weir with inclined faces. 
This was one of the reasons why the construction of a weir with a 


vertical face was decided upon. 
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Tue SPILLWAY AT THE LOCK NEAR ZUTPHEN. 


Another important hydraulic structure that had to be built in © 
connection with the drainage along the Twenthe canal was the — 
spillway by the lock near Zutphen. This spillway discharges the 
water from the reach above this lock with a pondage level of 10-00 | 
metres above mean sea-level (N.A.P.), on the lowest reach of the 


2 canal which is in open communication with the Yssel river. } 

. It has been shown above that the Zutphen—Enschede canal receives — 
ee: in wet seasons a great surplus of drainage water. It is estimated — 
z Fig. 4. ' 
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that at present 70 cubic metres per second must be discharged along — 
the canal, and that in the future this amount may be increased to _ 
_ 115 cubic metres. In dry seasons, however, the amount of run- 
or the natural feeding that the canal receives is negligible, so that 
there would be insufficient water for the normal operation of the — 
canal (lockage losses, etc.). To supply this deficiency, water must 
be pumped into the canal from the Yssel. It is thus necessary to 
have at the lock, in addition to the spillway for the discharg . 
water, a pumping plant for pumping water from the Yssel into the 
canal (Fig. 6, p. 236). The area available for these two structures was 
small, and so for this and other reasons a solution of the | 
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__ was sought whereby the spillway and pumping plant could be 


combined in one structure. It was evident that, in that case, the 


_ chambers used for the dissipation of the kinetic energy of the water 


should also be used as suction or in-flow chambers for the pumps. 

Tt was considered undesirable to place the suction-pipes or conduits 
of the pumps in these chambers in the usual manner, that is, 
suspended from the roof, as the tremendous kinetic energy of the 
water during discharge would probably fracture them, or at least 
cause dangerous vibrations. It followed, therefore, that these 
conduits would have to be placed in the concrete of the sub-structure. 
As only two pumps would be installed at first, although provision 
had to be made for the installation of a third pump in the future, the 
natural position for the three conduits was one in each of the abut- 
ments or side-walls of the building, and one in a pier midway between 
the two abutments. As a result of this construction, two spillway- 
gates instead of one would be necessary, and consequently the 
dimensions of the spillway-gates would be smaller, which was 
considered to be an advantage. 

With all this in mind the general plan shownin Figs: 7 (pp. 238-239) 
was finally adopted. It was considered desirable, however, before 
the definite plan with all the dimensions was made up, to carry out 
model-tests in an hydraulic laboratory. The laboratory was 
therefore asked to determine : : 

(a) if the capacity of the spillway was sufficient, and, if it were not, 


what changes would have to be made to make it sufficient; and 


furthermore to suggest any changes that would tend to give a better 
or more logical structure for the required purpose ; 

(6) what provisions would have to be made to prevent dangerous 
scour of the bottom and sides of the down-stream spillway channel 
so as to prevent damage to the structures. 

During the maximum discharge of 115 cubic metres per second the 
canal will have an appreciable grade, which means that if the pondage- 


_ level at the eastern end of the canal is to be kept within reasonable 


limits, the pondage-level at the western end, where the spillway is 
located, will have to be lowered. Therefore, although the normal 


pondage-level immediately above the spillway is 10-00 metres above 
mean sea-level (N.A.P.), it was considered advisable to be able to 


discharge the maximum amount of water even if the level of the 
water fell to 9-75 metres above mean sea-level (N.A.P.). 

The height of the water in the down-stream spillway channel, 
which is in open communication with the river Yssel, varies with 
that in the river. These variations are great, as the highest recorded 
river-level is 8°55 metres and the lowest recorded river-level is 


2-00 metres above mean sea-level (N.A.P.), a difference, therefore, 
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of more than 6:50 metres. Periods of maximum discharge of the 
canal will, as a rule, occur simultaneously with high river-levels. — 
The river Yssel receives most of its water from the upper Rhine, 
while the water discharged i in the canal has its source in the eastern 
Netherlands, and in a small section of western Germany. It is 
evident, therefore, that maximum discharge of the canal will quite 
probably not always occur when the river-level is highest. The 
danger of scour in the down-stream spillway channel increases’ 
inversely with the height of the water in the river Yssel. It is not 
to be expected, however, that maximum discharge will occur during 
dry periods and when the river-level is very low. 

After giving due weight to the several factors governing the — 
drainage and to the circumstances of this particular case, which 
will not be further considered here, it was assumed that 

(a) during a river-level of 6-80 metres or higher above mean — 
sea-level (N.A.P.), the maximum discharge of 115 cubic metres per 
second would occur ; 

(b) for a river-level of 5-40 metres above mean sea-level (N.A.P.), — 
a discharge of 75 cubic metres would occur; and 

(c) for a river-level of 2-80 metres above mean sea-level (N.A.P.), 
a discharge of 30 cubic metres would occur. 

For scouring of the down-stream spillway channel the worst — 
case would be a discharge of 115 cubic metres per second for a river-_ 
level of 6-80 metres above mean sea-level (N.A.P.). The conditions 
affecting the foundations where the spillway had to be built were 
such that the foundations should not be deeper than was absolutely _ 
- necessary ; it was more economical to make a larger structure rather 

than one with deeper foundations. . 

The model-tests which were carried out in the hydraulic laboratory — 
at Delft gave particularly interesting results. The capacity of the | 
spillway, as it was first designed, was not quite sufficient, and so — 
it was necessary to determine how the capacity could be increased 
in a simple manner. 4 

In the first place tests were made to determine if the presence and — 
shape of the pump-conduits (Figs. 7) had a detrimental influence on. 
the capacity of the spillway. For this purpose the conduits were 
filled with plaster of Paris. It was found, however, that these — 
conduits had no influence whatever on the capacity. In the second — 
place, tests were made to determine if a more gradual merging of — 
the sides of the upper spillway-channel (Figs. 7) into the wing-walls — a 
of the sluice would increase the capacity. These showed that an 
increase in capacity of about 3} per cent. could be obtained. In _ 
the third place, a large number of tests were made to determine the 
influence on the capacity of the spillway of the rounding of the uppe * 
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end of the nearly vertically-faced wall (Figs. 7). In the model the 


capacity of the spillway was determined with radii of 0-0, 0-60, 0-80, 


1-40 and 2-20 metres. 

Tt was found that, taking the capacity with a radius of 0-0 metre as 
a base, the increase in capacity with a radius of 0-60 metre was 4 per 
cent. ; with 0-80 metre it was 8 per cent.; and with 1-40 and 2-20 
metres it was 12 per cent. The capacity required was obtained with 
a radius of 0-80 metre, and as a further increase in radius would 
materially increase the cost of the structure, it was decided to use 
that radius. It was furthermore deemed advisable to find out what 
influence the opening b (Figs. 7) between the pump-chamber and the 
sloping wall of the spillway had on the capacity. In the original 
plan this opening was 2-50 metres wide. Tests were carried out with 
openings of 2:50 and 4:50 metres, and with the chamber completely 
removed. Increasing the opening or wholly removing the pump- 
chamber appeared to have no influence on the capacity. Lastly, 
tests were made to determine the influence of the form of the end 


_ of the middle pier. As was to be expected, a pointed form had no 


advantage over a rounded form. 
The amount of kinetic energy which must be dissipated when 


_. 115 cubic metres of water per second drop 3 metres is very great. 


As the down-stream spillway channel lies in a cut which is nearly 
8 metres deep, the dimensions of this channel must be as small as 
possible (Fig. 6, p. 236). Furthermore, the soil here is a fine sand 
which is easily eroded. The design of this channel, with its protection 
against scour, therefore called for particular care. 

The first tests were made with a smooth apron on, and flush 
with, the bottom of the canal, which immediately adjoined the sill 
of the water-cushion. The floor and sill of the water-cushion are a 
part of the foundation of the spillway-structure. The length of the 


apron was varied from 0-0 to 8-50, 17-0, and 25-0 metres, and it was. 


found that even with an apron 25-0 metres long, scour of the channel- 
bottom, down-stream from the apron, was not wholly eliminated. 
The next step was to determine if better results could not be obtained 
by placing a sill at the down-stream end of the apron. The distance 
between the sill of the water-cushion c and the sill of the apron d 
(Figs. 7) must then be such that the water that shoots over 
sill c is intercepted by sill d. The use of this second sill was a 
decided improvement. The best height of sill was found to be 
1-0 metre. The flow, which is too concentrated in the neighbourhood 


of sill c, has sufficiently spread vertically when it reaches sill d to 


enable that sill to protect the bottom of the channel, thus reducing 
the scour immediately at the end of the apron. ; 
A disadvantage of this sill, however, is that the cross-section of 
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the channel is considerably decreased. This disadvantage can be 
eliminated by lowering the height of the whole apron with its sill. 
This was done, and the apron was laid with the top of the sill at 
mean sea-level (N.A.P.); that is, flush with the bottom of the 
channel. By this solution, a satisfactory result was attained with 
an apron 17 metres in length. 

There remained, however, one difficulty, in that eddies were 
formed near the sill, causing some erosion in the channel sides at 
each end of sill d, and also some silting in front of the sill. Con- 
centrating the current in the middle of the channel tends to prevent 
this. Since water has a tendency to cross an obstacle perpendicularly, 
the current can be concentrated by giving the sill at the end of the 
apron a V-form in horizontal projection. The results, however, were 
still not wholly satisfactory. Tests were then made with a sill with 
a horizontal middle section and inclined ends; very favourable 
results were obtained with a horizontal middle section 15 metres 
long, the ends being inclined at an angle of 1 to 4 until they met 
the sides of the channel. It was, therefore, decided to adopt this 
type and form of sill. 

It is beyond the scope of this Paper to describe in detail the 
construction of this interesting hydraulic structure, which was built 
in very fine sand with a very deep foundation. There are two 
points, however, worthy of special attention. The length of the 
combined pumping-plant and spillway is short. When the river- 
level is low, the difference in height of the water in the upper and 
the lower reach, that is up-stream and down-stream of the spillway, 


is approximately 8 metres. It was, therefore, necessary to devise 


means of increasing the length of the line of seepage (path of 
percolation). 
In the first place, the structure was constructed within steel 
sheet-pile cut-off walls. In the second place, the up-stream spillway 
channel was lined with a carefully-placed layer of good clay for a 
distance of approximately 150 metres. This clay was protected by 
smooth hexagonal concrete sets or blocks. At the up-stream end of 
this apron is a needle dam (Fig. 6, p. 236) which also has steel sheet-. 
pile cut-off walls under and on each side ofit. When this dam is closed 
the water in the channel can be discharged through the spillway, and 


the clay apron can be readily inspected. Experience has shown that 


damage of the clay lining is immediately manifested by the settling 
of the protecting concrete sets. Inspection of the lining takes place 
yearly, and in case of damage repairs are made at once. 
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Smauy Inter Structures. 


rs This Paper would not be complete if mention were not made of 
_ the numerous small inlet structures used to carry the water from 
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small streams and brooks into the canal, although their capacity 

in no case exceeds 2 cubic metres per second. 

_ As a result of the comparatively large cross-section of the canal, it .- 
was unnecessary in the design of these structures to consider possible 
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hindrance to passing vessels. The following points, however, 

required attention :— ; 

(1) The capacity of the structure had to be such that, with 
maximum discharge, the increase in the level of the water in the 
brook should be small. 

(2) The inlet sluice had to be so constructed that it would be 
impossible for water to flow from the canal into the brook. This was 
necessary, as otherwise in dry seasons canal water, which had been 
pumped out of the river Yssel, would be used for irrigation. 

(3) Sand carried in the brooks had to be prevented from entering 
the canal. This was done by enlarging the cross-section of the 
brook for a short distance above the sluice, so that a settling-basin — 
was formed wherein the sand would be deposited. 

(4) Means had to be provided to prevent scour above and below 
the inlet structure. To prevent scour at the up-stream end of the 
sluice the banks on each side were protected with concrete sets for a 
short distance. Scour at the down-stream end was prevented by — 
extending the floor of the sluice in the form of an apron to a sufficient 
depth under the level of the water in the canal. A depth of 1 metre — 
was considered sufficient. A sill at the end of this apron is also — 
useful, as it prevents the water on leaving the apron from immediately _ 
following the side of the canal. Finally, it is desirable for the water — 
to flow over a greater breadth, and this can be effected by making 
the end of the apron wider than the throat of the sluice. An inlet 
structure with a capacity of 2 cubic metres per second is shown ~ 
in Fygs. 8. 


The Paper is accompanied by thirteen sheets of drawings, from a 
some of which the Figures in the text have been prepared. 
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Discussion. 


Sir Cyrit Kirxpatrick, Past-President, regretted that unforeseen Sir Cyril 
circumstances had prevented him from giving to the Paper that Kukpa 
attention which it deserved, so that his remarks would only be of a 
general character. He knew Holland fairly well. All the waterways 
in the neighbourhood of the North Sea canal, which ran from 
Ymuiden to Amsterdam, were at a much lower level than the canal. 
The Author, however, had given interesting examples of districts 
in the eastern portion of Holland, where the drainage water-levels 
were much higher than the canals. 

_ In reading the Paper, two points in particular had interested him. 
The first was that models were employed to a very much greater 
extent in Holland and on the Continent generally than was the case 
in England. The Paper gave examples of extensive alterations 
which had had to be made in the design of structures as the result 
of model-experiments. Continental engineers were perhaps more 
theoretically inclined than English ones; nevertheless, the Delft 
laboratory often carried out elaborate model-tests, of which much 
more use was made in Holland than in England, and he thought 
that their results had been materially helpful. The second main 
point brought out in the Paper was the very large amount of drainage- 
water which had to be taken off in the canals described. Engineers 
in England did not have very much experience of navigation- 
canals and drainage-canals combined, but it was rather surprising 
to learn from the Paper that the widening of the Ymuiden canal 
was due, not to the requirements of navigation, but to the necessity 
of taking off a large amount of drainage. It was now a wide canal, 
and the figures given on p. 2230f theamounts which had to be drained 
at the Zuyder Zee and the North Sea ends were very large indeed. 
It was stated that the velocity in the Amsterdam canal sometimes 
reached as much as 1 knot (0-5 metre per second). With a 


Sir Cyril 
Kirkpatrick. 


Mr. Saner. 


_ Velocities would be increased ; he, as a witness for the opponents, had 


that difficulties arose, especially when the wind was astern. 

There were many other features of the Paper that would be 
particularly interesting to engineers concerned with navigation and 
drainage canals—for example, in India and in Egypt ; he hoped that 
engineers who had had experience in the subject in those countries 
would give The Institution the benefit of their opinions. 

Mr. J. A. Saner remarked that the Paper would be of great use te 
those who were engaged in canal work ; he did not, however, entire 
agree with some of the statements contained in it. Firstly, although 
there were no ship-canals in England which were also used for 
irrigation or drainage, there were canalized rivers whose floods had 
to be dealt with ; his own experience of the Weaver navigation was 
that there was no real difficulty in navigating with or against the 
flood until its velocity became 2 or 24 miles per hour. The Author 
mentioned on p. 223 the figure of 0-5 metre per second (which was only 
1-12 mile per hour) as a strong current. With large vessels wher 
light and with a slight wind there would be some difficulty in 
navigating, even with that current, because the wind would take 
hold of the vessel and would probably blow her across the stream. 
On the river Weaver the ratio of the cross-section of the vessels to 


that of the waterway was 1 to 4, whereas on the Amsterdam canal 
it was 1 to 7. 


Chief Engineer, had predicted that on certain tides the maximum 


had to say whether Mr. Hunter’s figures were correct or not. The 


canal was 36 miles long, and the first 20 miles from Eastham to 
Latchford was subject to tidal influence. At that time a tide 
of 20 feet 3 inches was computed to bring in 7,000,000 cubic yards 
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of water, all of which entered the locks at Eastham excepting the mr. Saner. 
dand water, which was estimated at 1,000,000 cubic yards; it all 
came in between an hour before and half-an-hour after high water. 
The level of the water at Eastham rose by 5 feet 6 inches, and 
that at Latchford (owing to the tidal momentum) by 8 feet 10 inches. 
Before alterations, a 19-foot tide had produced a velocity in the 
canal of 2-6 miles per hour, and a 21-foot 6-inch tide had produced 
27 miles an hour—only, of course, for short periods. It had been 
predicted that those velocities would be increased to 3-74 and 5:13 
‘miles per hour. The works had been sanctioned and had been 
carried out, and it was interesting to note that the resulting velocities 
had proved to be 4-1 and 4:9 miles per hour respectively. There 
were one or two places, where the cross-section of the canal changed, 
where the maximum velocity exceeded 4-9 miles per hour. Those 
velocities had been of much greater duration than the original 
velocities, and they had caused so much trouble to navigation 
that the Company had obtained powers to raise the permanent 
level of the canal and to exclude some of the tides, thus reducing 
the amount of water that had to come in at high tide. Neither 
the barges (whose cross-section had a ratio of about 1 to 25 to that 
of the canal) nor the larger vessels (which had a cross-section ratio 
of about 1 to 5) had been pulled up by the original velocities of 
2-6 and 2-7 miles per hour; but the barges, when they had had to 
face a current of nearly 5 miles per hour, had been pulled up entirely, 
and the larger vessels had been detained at Hastham locks until 
the water had settled. Those particulars were interesting in com- 
parison with what was stated in the Paper. 

On p. 230 the Author gave a very interesting description of how he 
dealt with the incoming streams. The only comparable case of 
which he himself knew was one where he had had to advise as to the 
discharge of about 9,000 cubic feet per minute into the Weston 
canal, which was about 1,200 square feet in section. The small, 
narrow canal boats had, however, to pass close to the opening where 
the water was coming out; in order to lessen its exit velocity, he 
had adopted a system which was practically the same as that shown 
on pp. 238 and 239, and it had proved very successful. 

_ Mr. Oscar Borer observed that canals were not used a great deal Mr. Borer. 
in England for drainage purposes, presumably because the conditions 
in England were so different from those in Holland, in so far as 
England was a country with numerous hills and valleys, so that the 
drainage came down by a number of relatively small rivers dis- 
charging directly to the sea. Trouble, however, was experienced 
when canal systems cut across the catchment-areas of the various 
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rivers, and serious difficulties might arise with the dr: i 
authority, as the canals naturally followed the contours of ip 
and, in so far as they followed those contours, they acted as « 
waters. As long as the intercepted water could be used for loc! 
purposes, all was well; but in the winter surplus water ha 
discharged by sluices from the canals into the rivers below, 


consequence. : 

In making the general statement that English canals we ec 
usually concerned with drainage, he had to make the great excep 
of all the area which had been reclaimed by the Bedford Le 
Corporation, namely, the fen area drained by the Ouse, the N 
and the Welland. In that connection, although it might not 
first be realized, very many of those rivers which were now she 
on the map were really artificial. The Drainage Boards met ¥ 
considerable difficulties on account of the navigation. They w 
under statute throughout their South Level area, where they | 
80 miles of river which belonged to the South Level N avigation, a 
they had to hold the water to the level of + 60.D.; in the Mid 
Level area also they were under obligation to hold the water in d 
drainage-canals to a statutory level. The consequent difficulty ¥ 
that in the winter, when it would be useful to lower the water-le 
in order to anticipate any flooding, they were compelled to keep 
_ to the statutory level for navigation. Further trouble also at 

from the requirements of irrigation. Throughout the summer ° 
Middle Level and the South Level were supplying all the fen a 
with water from canals, and practically no water passed down to » 
sea. It became particularly serious in the Middle Level, beca 
the amount of water available for irrigation purposes beca; 
inadequate during the summer with a fall in water-level, and wa: 
had to be let in from the tidal Ouse to raise.the water-level for navio 


- 


Sugar-beet campaign. That tidal water carried a good deal of si 
in suspension, and deposited it in the various canals; the Mi é 
Level was thus faced with the very serious problem of how that s 


Comparing the conditions in the Fens with those described in th 
Paper, on p. 223, the Author referred to a pumping plant dischar Py 
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3,000,000 cubic metres in 24 hours. The Middle Level pumps had Mr. Borer. 
‘been running for the first time in February, 1936, and their maximum 
“discharge had been of the order of 2,000 tons per minute, which was 
“exactly 3,000,000 cubic metres in 24 hours. At that discharge 
the current-velocities in the Middle Level had been from 1:25 to 
1:5 foot per second. In the South Level, the maximum discharge 
~ under flood conditions had been at the rate of 8,500,000 cubic metres 
im 24 hours. That discharge could not be maintained continuously, 
_ owing to tidal conditions, and so the average discharge in 24 hours 
‘would probably be of the order of 4,000,000 cubic metres. The 
velocities in the canalized rivers, instead of being only 4 foot per 
second as in normal conditions, had increased to 1-9 foot per second, 
‘and the surface gradient had risen to 44 inches per mile. The 
-embanking of rivers in order to prevent flood-water spreading over 
the land, to which the Author referred as adding to his difficulties 
because of the additional water brought in to the system, was also 
causing trouble in the case of the Great Ouse Catchment Board. 

It was interesting to compare the designs of the Bolksbeek and 
the Zutphen sluices with the design of aprons which had been recently 
fitted at St. Ives, which was the last staunch on the main river Ouse 
tbefore it came down into the tidal section. The maximum discharge 
at St: Ives was about 3,000 cubic feet per second, and the design of 

the apron had been investigated by means of models, which had 
enabled the engineers to ascertain, by running a series of experiments, 
the difference of level between head-water and tail-water that would 
give the maximum amount of scour which had to be legislated for. 
In the particular case the flow was 3,000 cubic feet per second, and 
they had found that levels of + 18-5 O.D. and + 15 O.D. respectively 
gave the worst conditions under the present circumstances. They 
had finally devised a new type of sill which had been put in at a level 
of + 11 O.D., and had worked very satisfactorily indeed. They had 
not only to consider the present conditions of the river, but also to 
anticipate the effect of a future lowering of the tail-water due to 
proposed river-improvements. The design of the sill had been 
based entirely on the model-experiments ; a good deal was found to 
“depend on the velocity of approach of the water, the quantity of 
water being dealt with, and the amount of cushioning that could be 
‘obtained. In ordinary practice a water-cushion might be obtained 
by allowing the bed to be scoured away to some extent, but he 
appreciated that conditions in Holland could not be dealt with in 
‘the same way, because it had to be remembered that everything in 
‘Holland was founded on sand; every precaution had therefore to 
‘be taken to see that any structure which was built was entirely self- _. 
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contained and could not give rise to any damage once it had been 
constructed. In that connection he had been rather surprised - 
find that the apron-length in the Bolksbeek design was only 7 metres. 
Admittedly a fairly high sill had been constructed on the downstrea: 

side, and he supposed that the Author’s decision to put in such 
short apron had been due to structural considerations ; the resu 
was that a hydraulic jump took place, necessitating the provision ¢ 
mattress-work. Such mattresses were standard Dutch practic 
and a certain number of them were now being put on the Ouse an 1 


way of protecting the bed of a river. Could the Author give further 
particulars of the hexagonal concrete blocks which had been put in 
on the upstream side of the sluices at Zutphen, and which, he 
believed, had been used in place of much more expensive hexagonal 
granite blocks from Germany ? 

The design of the Zutphen lock was especially interesting. 
did not remember having seen models of it at the Delft laboratories, 
but any such problems in Holland were generally referred to them; 
Mr. Thijsse, who was in charge there, was doing excellent wor k, 
and the laboratories were most fascinating to visit. Engineers in 
Holland were very progressive, and they, as well as the Germar 
engineers, were always willing to give every assistance that 
they could in connection with their model-investigations. An 
interesting point in connection with the weir at Bolksbeek was the 
slope of 0:45 metre (about 18 inches) along the length of the sill. 
Such an amount of cross fall was unusual, but knowing the great care 
which was taken at Delft in investigating matters, he had no doubt 
whatever that that fall was essential. He was also much impressed 
by the care taken by the Dutch engineers in the design of the small 
inlets, which, even though they only had to discharge 2 cubic metres 
per second, seemed to have been very carefully thought out. He 
felt that it would be useful to try to follow up some of the suggestions 
arising from the Paper, which should be of considerable assistance, 
and gave much food for thought. . 

Mr. C. A. Witson remarked that the Grand Union canal was some- 
times inconvenienced by the flood waters which flowed into it. The 
river Tove had long been a cause of trouble in winter, when it dis- 
charged its excess flow into the canal. Although the relationships of 
the canal companies with the Catchment Boards were very happy, 
he was afraid they could never see quite eye to eye with them in 
regard to preparing their levels to meet the floods which the Boards 
passed on to them. They did try in every way they could to release 
the water as quickly as it came to them without definitely lowering 
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their levels, because they did find that navigation was hindered, and mr. Wilson. 
sometimes held up for several days, when they got exceptional floods 


i: “it was in everybody’s interest to get rid of the water as expeditiously 
--as possible. 

In the Paper there were one or two points which were of even 
” greater interest from the point of view of navigation than from that 
of drainage. The Author mentioned a section-ratio of 7 to 1, but 


later on referred to less advantageous ratios; in the list of canals 
- which he gave on p. 225 he mentioned cross- eee which compared 
closely with the London section of the Grand Union canal, which 
had a cross-section of 278 square feet (25:8 square metres). The 
side slopes were given as 1 to 2; the navigation speed was not stated, 
_ but reference was made elsewhere to 5 kilometres per hour—approxi- 
: “mately 3 miles per hour, which was rather a slow speed—and it would 
_ be interesting to know whether the banks of those canals suffered 
from erosion or whether the canal adopted a semi-elliptical or saucer 
“shape due to the wave-action of the traffic. Some years ago Mr. 
Wilson had carried out certain tests on the Grand Union canal, 
and had found that where the ratio of a section had been increased, 
_by dredging, from 5-1 up to 8 to 1, the speed of barges had been 
“increased by 69 per cent., from 2-73 to 4:61 miles per hour; he was 
afraid, however, that AW erosion due to wave-action had ferences 
_ by an equal or greater proportion, and that the engineers of the smaller 
-eanals would have to consider how far they should restrict traffic 
by limiting the speed, perhaps by restricting the size and speed of 
the propeller, which seemed to be the simplest method. 
_ He had also been interested in the Author’s assumption of a tug- 
_ pull of 1 kilogram per net ton at a speed through the water of 5 kilo- 
“metres per hour. The Author did not say how he had estimated 
that pull, but in connection with the tests which he himself had 
carried out he had tried to deduce the pulls, and had found that they 
“varied very considerably, ranging from 1 lb. per ton up to 10 or 
12 Ibs. per ton. He had looked up some experiments in that con- 
“nection which had been made many years ago on the Grand Junction 
canal, and he had found that although the loads towed had ranged 
‘from 50 tons to 170 tons the pull ranged between 12 and 4 lbs. per 
‘ton at speeds of 44 to 24 miles per hour. 
He was interested to note that the models had in fact been used 
.. only to ascertain the relative merits of various designs, and not to 
‘make the design itself. It was sometimes difficult for an engineer 
to decide how far he was justified in spending money on model- 
tests, and it would be interesting to know what were the costs of 
the tests mentioned, as percentages of the costs of the works. He ~~ 
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would also like to ask the Author whether, in the tests he had carr ed 
out, any allowance had been made for the silt-content, whether that 
had had any effect on the design of settling-basins, and whether 
it had proved anything in regard to their efficiency. a 

Mr. G. J. Grirrirus remarked that the shipping and navigation 
interest and the drainage interest were hard to reconcile one 


because the inflow of drainage into the main navigation, a 
whatever angle it was arranged, would, he thought, always cause 
trouble. 

The Paper showed that great care had been taken to try to stop 
suspended matter from settling in the navigation-channels. He 
had previously remarked that when the Thames at Teddington was 
bank-high, about 1,100 tons of suspended matter passed over the 
weir in 24 hours. In a restricted channel such as a canal, suspended 
matter might settle—and it generally did—somewhere near the 
junction of two streams; he had experienced such difficulties 
on the Wey navigation. In some cases where he had short-circuited 
or altered the point where the river joined the canal, shoaling had 
taken place and would continue to do so; in fact, that had been 
more or less foreseen, and an understanding had been reached 
between the authorities concerned with regard to the removal of 
such shoals when they formed. Shoaling might take place either 
above or below such a junction, much depending upon the velocity 
of the stream and the angle at which entry took place. The engineers 
concerned were still learning and would go on learning; that was 
especially so with regard to the use of models. He himself used his 
own works where he could to test his ideas in that way; it was 
wonderful how much experience could thus be obtained. In 
connection with Mr. Borer’s remarks, he would cite the case of the 
new weir at Molesey. It had not been definitely known at what state 
of the river that weir ought to be drawn. It had therefore bee 
tried with tail-water at a certain level, and such a troublesom 
standing wave had arisen below the weir that it had had to be shut 
within a quarter of an hour. The tail-water had then been allowed 
to rise a little higher, but the opening of the weir had still produced 
that standing wave, and in about 48 hours the river-bed below the 
apron was scoured to a maximum depth of 6 feet over an area 
approximately 75 feet wide by 50 feet long. That had taught th m 
not to do it in that way! Their experience had been such that, eve 
after putting down a concrete-block apron about 200 feet in length, 
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they still found it advisable to allow the tail-water to rise to aMr. Griffiths. . 

_ certain level. 

_ With regard to the Manchester Ship Canal, one interesting point 
~ arose out of Mr. Saner’s remarks, A certain section above Eastham 
Thad slopes of 2 in 1, and at Mount Manisty the slopes were 6 in 1. 
pat he remembered rightly, the water at the entrance to the narrows 
was “ humped up,” and there was a definite rise in the water-level. 
The navigation at times was considerably hampered by the 
“narrows. The water-level was higher in the channel in the narrows 
_ than it was.in the wider section; at the other end the level fell 
again ; a ship going upstream with the tide was speeded up in the 
narrows, and directly she got out she seemed to have a still further 
increased velocity relative to the water, appearing to dive down- 
wards. There was always a very great deal of settlement of 
silt near the tidal openings mentioned by Mr. Saner, and he 
“remembered that it had been a very costly matter to keep the 

canal clear. 

Mr. W. J.E. Boyt, referring to p. 225, remarked that it would Mr. Binnie. 

add to the interest of the Paper if the Author would give further 

information on the experiments he had made in order to ascertain 

; the maximum permissible velocity of the current so as to allow of the 
maintenance of the slopes and the bottom of the canal. Most 

“engineers were now making model-experiments when they had to 

deal with the flow of water, as it was impossible to arrive at the facts 

by calculation. If water were flowing around a bend in a channel, 
and it were required to have a uniform velocity at the exit, that 
object could be attained if the bottom of the channel were shaped in 

a certain manner. The engineers had been faced with such a 

‘ “problem in connection with the approach to a channel at the Burn- 
hope reservoir, where there was a large bell-mouth overflow at the 
end, and it had been essential that the filaments of water approaching 
that bell-mouth should not have too large an asymmetric tangential 

velocity on the two sides of the bell-mouth. The original design 

had been hopeless, and it had not been until they had tilted the 
floors one way or another—which could only be tried by means of 

‘the model—that they had been able to solve the problem. There 
‘had been a very heavy flood since the reservoir had been constructed 
—about 60 per cent. of the maximum calculated flood, according to 
the Flood Committee’s report—and he was glad to say that the 
overflow had acted exactly as the model had predicted. 

The PRESIDENT supported what Mr. Binnie had said about the value The President. 
of models; his own firm invariably made a model when they were | 

dealing with the flow of water, and he was quite certain that the 
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The President. eXpense was justified. Models cost very little, and their results often 
saved many thousands of pounds. He knew of one instance where a 
model which had cost £10,000 had saved £2,000,000; the model 
had shown that proposed works, which were to have cost £2,000,000, 
would have been perfectly useless. 


x* The Author’s reply to the Discussion, together with the 
Correspondence (see footnote +, p. 221), will be published in the 
Institution Journal for October, 1937.—Sxc. Inst. C.E. 
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JOINT MEETING WITH BRITISH SECTION, SOCIETE 
DES INGENIEURS CIVILS DE FRANCE. 


28 October, 1936. 


Sir ALEXANDER GIBB, G.B.E., C.B., F.R.S., President-Elect 
Inst. C.E., in the Chair. 


“A Study of the Underground Road Crossings of Paris.” 
By Gaston Barpet, Laureat de l'Institut de France. 


ABRIDGED REPORT. ! 


Monsieur Bardet traced the natural evolution that was taking 
place in Paris in connexion with the movement of traffic arising 
from industrialization and the expansion of its population, which 
tended more and more to live on the outskirts. He pointed out 
the necessity for clear thinking for the future, so that travelling 
to and from the centre might be facilitated. He classified traffic 
under the following headings :— 


1. Local traffic of the family type, which was constant, spread 
out and self-sufficient. 
2. Large traffic circulation, of seven types :— 
(a) Professional, by which those who had to proceed to and - 
from their work were referred to : essentially constant 
and convergent trafic. , 
(6) Goods exchanged and commercial traffic: variable and 
convergent. 
(c) Industrial traffic: constant and transversal. ~ 
(d) “ Cultural exchanges” traffic, by which it was intended 
to refer to amusements and social activities and to the 
acquisition of intellectual and moral culture: constant 
and convergent. 
(e) Tourist traffic: variable and convergent. 
(f) Holiday traffic: periodical and divergent. 
(g) Crowd movement, which arose from large religious, political, 
or sporting meetings and international exhibitions : 
exceptional and convergent, but not centrally. ~ 


1This Lecture is being published by the British Section, Société des 
Ingénieurs Civils de France.—Sxc. Inst. C.E. 
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_ provided with two access slopes, 350 feet and 320 feet long respec- — 
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He referred to the characteristics and needs of each class of traffic — 
and said that perhaps it would be more satisfactory to select pro- — 
fessional traffic in its widest sense as determining the traffic network. 
That would allow transport statistics to be prepared to establish 
the formation and development of the traffic routes of the city. 

The problems of traffic of a great city consisted of either reaching 
the business centre or of avoiding it. There were two answers to 
the problem, in addition to by-pass roads, namely, overground means 
of access such as were popular in America, and underground means 
for those cities such as Paris which were not eager to be deprived of 
their beauty. He said that Paris lacked at the present time con- 
verging roads of sufficient penetration and also, almost entirely, — 
transverse roads. Radial roads were too often interrupted before — 
reaching the circle formed by the great boulevards. Heavy transport — 
traffic could only avoid the centre of the city by using circular routes 
intended for walkers by the embankments of the Seine river and of 
the St. Martin canal. 

The first step taken to plan the traffic in Paris consisted of trans- _ 
forming the route along the fortification belt of 1814 into a large 
circular boulevard which allowed traffic to travel round Paris instead 
of crossing it. Unfortunately, such a road crossed all the radial — 
roads and railways from the centre of the town. That was remedied — 
to a certain extent by the use of bridges and the construction of — 
under-ways and over-ways. An example of a subway could be found 
at the Dauphine Gate which had a total length of 814 feet, and was 


tively, with a slope of 6 per cent. The total width of the subway — 
was 44 feet so as to allow of a roadway 39 feet in width with two 
service footpaths, each having a width of 2 feet 6 inches. The 
clearance above the roadway at the crown was 18 feet, whilst the — 
interior walls were faced with glazed stoneware and the access ramps — 
were surfaced with a decorative mosaic. Ventilation holes which — 
were provided in the middle of the tunnel, however, created a 
dazzling glare, and steps had to be taken in subsequent subways to. 
avoid that trouble. aa 
Some figures were also quoted of another subway, 1,908 feet in 
length, which was perpendicular to the Avenue de la Grande Armée, _ 
lighting being provided by electric lamps placed in recesses formed in _ 
the vault 10 feet above the ground. The lamps were controlled by - 
means of a photo-electric cell which synchronized internal lighting — 
with the intensity of light outside. In case of accidents, alarm 
signals, electrically controlled, could be set in motion to operate the 
“ Stop ” lights erected at the entrance to each access ramp. Natura f 
ventilation was ensured through two elliptical bays, but a plant was. 
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_ provided in case mechanical ventilation was found necessary. From 
_ the experience gained it was noted that it would be necessary in future 


subways either to choose a sound-proof lining or to take other suit- 
able steps to deaden the sound-waves. The importance of avoiding 


_ shadows had also been noted. The lighting of a tunnel presented 


certain difficulties owing to the fact that the eye had to adapt itself 
rapidly to widely-different conditions of visibility. It was estimated 


g _ that 1 second was required to see an obstacle, 1 second to act and 1 


second in order that the driver might adapt himself to new conditions. 
Taking those figures, which might be considered as true for a speed of 


_ 40 miles per hour, it would be seen that the zone of uniform lighting 


should have a length of 15 to 16 yards. The lighting would then 
provide the same light as outside over a length of 16 yards at the 
entrance, and would be decreased by zones of 16 yards until the 
degree of lighting laid down for the centre of the tunnel had been 
reached. Whilst incandescent lamps had been employed in certain 


_ eases, the use of sodium light was found more easy to regulate on 


account of its monochromatic character. 

Monsieur Bardet said that it had been found advisable in Paris 
for the radial roads to run underground so as to leave the surface 
free for the boulevard of the circular route. Several projects had 
been considered in connexion with relieving congested areas, but 
the Lecturer pointed out that a real subterranean road had not to 
be considered as a relief for a specially-congested point, but as 
providing an adequate route for an existing heavy flow of traffic. 
At the Congress of Town Planning of Bordeaux in 1934 he had 
presented! a complete plan of a system of underground motor roads 


- at considerable depth. Those roads were intended to be specially 


reserved for the rapid transit of heavy traffic, and to exclude 


all local or non-mechanical traffic. Such roads were in reality 


underground auto-routes with straight stretches, easy bends, 
properly-banked curves, crossings at two levels, and non-skid 
dustless surfaces, adequate steps being taken to absorb gas and 
smoke and to protect from fire. They should also be situated at a 


sufficient depth to avoid the area in which sewers, gas- and water- 


pipes, etc., were to be found. 

In connexion with Paris, Article 552 of the French Code defined 
the local status of the lower strata of the sub-soil, which could be 
taken over by Government simply by the payment of a small 
indemnity. Those auto-routes, apart from their entrances and 
exits, would only have a few intermediate exits with no exits for 
vehicles in the exchange centre, although a number of entrances 


1 “ Urbanisme.” April 1935, Compte-rendu du Congrés de Bordeaux. 
Li 


- 


958  BARDET ON UNDERGROUND ROAD CROSSINGS (OF 


could be planned. That system would be further expaidea by a 
means of a distributive network serving numerous public and private . 
: garages which would be situated above the auto-routes but no 7 
4 intended for use by local traffic. It would enable vehicles to be 
garaged as near as possible to the destination of the driver on the : 
z surface, drivers of vehicles being able to reach the surface by means 
of lifts. Such a scheme would benefit many interests as it linked up 
the private warehouses and garages with the public garages and 
with the radial concentric system of the big traffic auto-routes. — 
Drivers of vehicles would be able to decide whether it was profitable 
for them to proceed above ground or underground. 
The subject of the underground circulation of traffic in Paris had 
been fully dealt with in a Paper? presented at the International — 
Congress of Architects held in Rome in 1935. Monsieur Bardet 
ended his Lecture by giving some details of the steps being taken 
in connexion with the dealing of traffic during the time of the: 
Exposition Internationale de Paris, 1937. k= 


The Meeting concluded with a vote of thanks proposed by Sir 
George Humphreys, Past-President Inst. C.E., President, British 
Section, Société des Ingénieurs Civils de France, seconded by Sir 
Charles Bressey and supported by Captain A. U. M. Hudson, M.P. 


1 «La Circulation Souterraine a Paris.” Proc, XIIIme Congrés International . 
des Architectes & Rome, Sept., 1935. 
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Paper No. 5048. 
“Efficiency Tests of Large Modern Pelton Wheels.” 
By Eric Norman Wess, D.S.O., M.C., M. Inst. C.E. 
(Ordered by the Council to be published with written discussion.)1 
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INTRODUCTION. 


THE water-wheels concerned were installed during 1932-33 at Shanan 
Power-station, Jogindernagar, Punjab, in the outer ranges of the 
Himalayas, and the tests were made during the period from January 
to May, 1933. There are four sets, each rated at 17,000 B.HP. under 
a net head of 1,700 feet at a normal speed of 428-5 revolutions per 
minute. The wheel of each set is carried overhung by a forged flange 
on the end of its alternator shaft which runs in two main bearings 
of Michell type. A single jet supplies the power to each wheel from 
a nozzle with a needle valve of the usual type, as shown in Fug. 1 
(p. 260). 

Each wheel has twenty-two buckets of special stainless steel, cast 
in pairs and fixed to the disc by means of lugs and tapered bolts. 
All essential parts of the wheels were machined to jigs, and the 


leading dimensions of individual buckets and their spacing on the 


wheels were checked subsequently within a maximum range of 
-- 1:5 millimetre. Most of these dimensions were within a fraction 
of a millimetre of the design figures. The inner surfaces of the 
buckets were ground and polished, while the out-cuts were machined 


1 Correspondence on this Paper can be accepted up to the 15th April, 1937, 
and will be published in the Institution Journal for October, 1937.—Sxc. 
Inst. C.E. 


LS 


j 
Sasi 
yy es 
care 
=] 
| 


EI 
\— 
Y 
hy 
De 
UW, @ 


= 
2) 
is: 
\ 4 
pec 
be 
oe 


aD 
SU 


t AL Sell 
=a 


— 


3 feet 


2 


1 


Scale: 1 Inch=4 feet. 


dnches12 6 


GeneRat ARRANGEMENT. 


q 


re 


LARGE MODERN PELTON WHEELS. 261 


and backed off by hand to ensure clearance from the jet. Central 
knife-edges were machined and finished sharp, but those of the out- 
cuts were rounded slightly. Owing to the difficulty of locating the 
~ cores accurately in the moulds, the out-cuts were less regular than 
the other bucket dimensions, and they departed from the design 
figures by a maximum of 7 millimetres in any one dimension. 

Control of the wheel is effected by a combined needle-valve and 
deflector, the latter of which is connected positively to the automatic 
speed-governor and cuts into the jet from above. The needle is 
operated by its own servo-motor arranged on an extension of the 
spindle and controlled in turn by a valve which is connected through 
a loose link to the governor. 

During the tests, the desired gate-opening was obtained and fixed 
by means of the load-limiting device which gave a definite and con- 
stant gate-opening without interfering in any way with the automatic 
protection against untoward occurrences. The gate-opening was 
read frequently throughout each test run, both on the indicator 
(graduated in millimetres of needle-stroke) and by an accurate 
millimetre-scale against a pointer attached to the needle direct and 
travelling along the needle-housing. 


LOADING THE SETS. 


The alternators generate at 11,000 volts, three phase, 50 cycles, and 
are star-connected with the neutral point of one machine normally 
earthed. The loading resistance was required to have a capacity 
of 12,000 kilowatts, and it was arranged in a concrete tank built 
mainly underground some 60 feet outside the station building, 

- where it was supplied with water from the tail-race by a 4-inch pump - 
delivering about 1} cusecs. This tank provided a depth of water 
of 4 feet in the first instance, and was fitted with three overhead 
rails radiating from a central pillar and carrying electrodes fixed by 
insulators to suitable travellers, which moved inwards through the 
agency of a small winch, or outwards by means of counterweights. 
In this way the horizontal distance between electrodes could be 
varied at will (Figs. 2, p. 262). Each electrode consisted of an oil- 
drum 2 feet in diameter by 3 feet high. 

In the earlier stages, this arrangement proved adequate for all 
loads once the water became thoroughly heated, although excess 
voltage had to be applied to reach full load. Later, when the water 
became purer, due to seasonal changes and to the elimination both 
of surplus cement from the tunnel lining and of other impurities, it 

__ became necessary to increase the depth of water and also the area 
of the electrodes. The former was effected by raising the sides of the 
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shutter-gate which could be raised by a rope passing over a pulley. 
Since the electrodes might not be placed within 15 inches of the 
bottom, and even greater clearance was desirable, the electrode-area 
was increased by adding fins laterally. The greatest contact area 
used at any time per electrode was one drum with two fins each 2 
feet wide, all immersed to a depth of 2 feet 6 inches. The minimum 


r Figs. 2. 
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distance apart of electrode-centres was 6 feet, since a smaller distance : 
would have involved the risk of a short circuit. This disposition of 
the resistance was rendered necessary after the station had been — 
operating intermittently for several months, and it was essential — 
to have the correct voltage for regulation tests. The tank is shi wn 
in Figs. 2. . | *. aS 
The tank was reinforced heavily at the bottom and to some extent 
in the sides; this proved unfortunate, as apparently the heavy | 
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induced and leakage currents in the reinforcement caused such 
heating that steam was eventually generated. This burst up the 
concrete below the electrodes and formed cracks along the main 
current-path. Giving the electrodes greater clearance from the 
bottom (not less than 18 inches) reduced this trouble to negligible 
proportions. It appeared later, however, that the induction effect 
of the reinforced tank produced a power-factor very slightly below 
unity. 

During the tests each particular loading was maintained constant 
as far as possible for at least 1 hour. Except at maximum loads 
when the electrodes required to be brought to the minimum distance 
and boiling became furious, the load did not vary by more than 50 
kilowatts (say -_ } per cent.) throughout a test run. Occasionally 
there was a tendency for the load to “creep,” usually due to a 
gradual increase in temperature of the water, at one-half or three- 
quarter load. For the most part, the load was adjusted by varying 
the water-level and the voltage. 

For the tests the alternator windings were unearthed, the circuits 
being completed through the water resistance but otherwise remain- 
ing fully insulated. All the personnel were kept at least 10 feet away 
from the tank while it was under voltage, and no untoward effects 
whatever were noted. A three-core temporary cable carried current 
to the vicinity of the tank where flexible connexions to each 
electrode were arranged by means of vulcanized india-rubber braided 
multiple-strand copper conductors supported on swinging brackets. 


MEaAsurinG THE LoapD. 


The power developed at the shaft of the water-wheel was obtained 
from the electrical output of its generator by making the appropriate 
allowance for generator-efficiency, which was accepted from B.S.8. 
shop tests and ranged from 95-3 to 95:0 per cent. 

For the earlier series of tests, the commercial integrating watt- 
hour meters on the switchboard were first calibrated against two sub- 
standard indicating ammeters, and were read during the tests along 
with the latter and a sub-standard voltmeter. During a later series 
of check-tests, a sub-standard integrating watt-hour meter was con- 


nected also, and was regarded as the most accurate and reliable 


instrument. Certain of the watt-hour meters on the switchboard 


had a tendency to stick, the rotating disc being apparently not 
entirely free. 


All instruments were dependent on the current and potential 


transformers on the switchboard, which were of good commercial 


type but were not specially made or calibrated for test purposes. 
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It is not unlikely that these accessories were the source of the grea est 
individual uncertainty throughout the tests. ‘oy 


¥ 
>= 


MEASUREMENT OF WATER-SUPPLY. 


The hydraulic system supplying water to the wheels comprises 
intake-works, diurnal storage, a tunnel and dual penstocks, the 
last-mentioned being arranged to supply the sets in pairs. Provision 
had been made for gauging the velocity in the pipes near their exit 
from the tunnel, where the head was only some 350 feet. At this — 
point the pipes are 1,400 millimetres (55 inches) in internal diameter, — 
and as the maximum velocity over the cross-section is 5-75 feet per 
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this latter being necessitated by the ultimate provision of four pipes. 
Eleven positions on each diameter were used and settings were made 


~ in the following manner. Having fixed the current-meter with its 


centre 23 inches from the end of the supporting rod, this was inserted 


_ into the pipe through the special valve fitting, and was driven down 


by a mechanical device until it was in contact with the shell at the 
lower end. This was accepted as position 1 and the first series of six 
timings for 100 revolutions of the current-meter was taken. A 


i: pencil mark having been made on the rod next to the clamp for this 


i i ie 


setting, the rod was released and withdrawn exactly 5 inches, where- 
after the next series of timings was obtained. By repeating this 
operation nine times, all eleven positions were covered, the total 
length of rod from the first mark being checked at intervals. The 
positions were then repeated in the inverse order. In this manner 
a total of one hundred and thirty-two timings for 100 revolutions 
was obtained on each traverse. 

A complete series for a given load on any one water-wheel com- 
prised two traverses at right angles. In order to avoid the loss 
of time, the inconvenience and the discomfort involved in changing 
over repeatedly under cold winter conditions, the traverses on one 
diameter were made for all loads on both machines supplied by that 
pipe before removing the current-meter. This had the one dis- 
advantage that, owing to the excess of lime in the water from the 
tunnel at this stage, there was a tendency for the propeller of the 
current-meter to become slightly incrusted if left submerged for more 
than a few days. This, however, does not appear to have affected 
the water-measurements appreciably. As head-conditions at this 
time could be kept constant for each machine in turn and there was 


no difficulty in arranging exactly the same needle-opening and load, 


measurements on the two diameters were made under practically 
identical conditions. 

Whilst the current-meter, combined with the method of reduction 
subsequently applied, appears to give an extremely accurate deter- 
mination of the velocity, the quantity depends also on the cross- 
sectional area of the pipe at the gauging-station. No special 
precautions had been taken either with the form of the particular 


pipes, or with the fixing of the saddle pieces to carry the sets 


of gauging-equipment which were fastened by ordinary snap- 
headed rivets. In addition, a certain amount of incrustation had 
taken place, both all around the pipe and particularly between the 
rivet heads. As this state of the pipes was not discovered until 
towards the end of the tests, it was considered impracticable to do 
other than make the most rational allowance possible for the re- 
duction of area and for the obstructions. 
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The mean diameter of each pipe was measured accurately by mea S 
of an adjustable pin gauge, and was found to be within a few milli- 
metres ‘of the maximum and minimum limits. Table I sets out the | 


measurements made and the corrections allowed. ‘ 
TABLE I. 


Pipe No. 1 (West):| Pipe No. 2 (East): | 
me illim { millimetres. : 


millimetres. 
Vertical diameter - . . . .. . 1410-75 1401-5 
Horizontal ,, ae EES Ci alc. oe 1399-5 1396-5 
Diagonal Srila) Sigs ia eee 1410-25 - 

“A 57 will) Noe sray Pee ere eS 1401-5 — 
Mean diameter (gross) . . . . . .| 14055 1399-0 
Reduction of diameter for granular incrus- 

tation androughness . . . . . . — 20 — 05 
Reduction for thickness of paint pierced by 

pill-pRuges es i oe Oe — 1-0 — 0-25 
Net diameter of pipes . . . . . . 1402-5 1398-25 
Corresponding area of pipe :— ~ ; 

Square millimetres oo ue eer ore 1,544,857 1,535,500 

Squareifeet etsy” ie gati, Beas 16-629 16-529 

Squaresnohessc on: goecs alee ave ot 2394-576 2380-176 


SSS ~ a 


In addition to the adjustments made above, the area has to be 
reduced on account of the double rows of double rivets at the saddle- 
pieces. These consist of {-inch rivets staggered in two rows with — 
snap heads projecting 3 inch, and lightly incrusted with lime deposit : 
between. The projected area of the obstructions viewed axially — 
along the pipe amounts to 2 x 16} inches x 5% inch = 18:3 square 
inches (0°1270 square foot) and they occur immediately up- and | 
downstream of the gauging section. After due consideration, it 4 
was concluded that the effect would be to reduce the discharge at 
the section very approximately in proportion to the projected area a 
of the obstructions in the line of flow. It will be noted in the subse- _ 
quent computations that this reduction of area applies only in the — 
annulus of velocities next to the skin where velocities are lowest, — 
and any error in estimating the appropriate correction has a propor- 
tionately small effect on the total quantity. This reduction of 18- 
square inches represents between 0:44 and 0-50 per cent. total reduc- — 
tion in the quantity. re. 

Although they do not appear directly in the final computation for — 
the quantity, the effective areas finally accepted and forming the 
basis of the calculation were 2,376-2 and 2,361-8 square inches for 
Nos. 1 and 2 pipes respectively. | 
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PROGRAMME FOR TESTS, 


The required observations were divided naturally into three 
sections, (a) electrical instruments, all of which were located in the 
control room, (6) hydraulic data from machine-room floor, and 
(c) current-meter readings at the gauging-station. These three 
places were inter-connected by telephone, whilst adjustment of the 
water-resistance was controlled by signal and verbal order from the 
control-room balcony. 

As the power-station is furnished with duplicate bus-bars, it was 
usually possible to arrange the connexion of any desired machine 
to the water-resistance load without interfering with other activities. 
Arrangements having been made beforehand for the gauging-station 
party at the top of the pipe-line, the load was increased steadily to 
the required value by warming up the tank. At the pre-determined 
load (or needle-opening) the load-limiter was adjusted and, as soon 
as conditions became steady, observations commenced at all stations, 
each proceeding with periodical readings independently after receipt 
of instructions from “ control.” 

The electrical readings mentioned above, together with many 
others including the frequency, were taken every 15 minutes, but 
any notable variations during the intervals were also recorded. The 
hydraulic observations included readings every 10 minutes of two 
pressure-gauges (for head), of the needle-opening both by the 
indicator and by direct measurement, and of the tachometer. The 
procedure with the Ott metering apparatus has been detailed 
previously. At all stations the time of observations was noted as a 
check and to facilitate inter-comparison of field data. 

The test having continued for a full hour, termination was governed 
by progress at the gauging-station. If and as necessary, the test 
was extended to ensure a complete set of readings, which normally 
took from 1 to 2 hours, depending upon the load, the observer and 
other factors. . 

In computing the velocity at each point on the traverse, the mean 
time for twelve (or six) lots of 100 revolutions was obtained as 
previously described ; the mean revolutions per second were then ~ 
worked out, and the velocity in metres to the third decimal place was 
obtained from the makers’ calibration-graph. An approximate com- 
putation was then made on the assumption that the velocities varied 
regularly as concentric circles, a basis which is liable to give results 
as much as 3:5 per cent. in error, with an average error of about 2:3 
per cent. and always in the direction of too great a quantity of water. 
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268 WEBB ON EFFICIENCY TESTS OF a 
a From the current-meter readings for, for example, pipe No. 2 


(east), set No. 4, the mean velocity 


~ Vinean = 2(10 X1-622-+48 x 1-865-+-6 x 1-981 -+-4 x 1-992 a 
+2 x 1-982 +4 x 1-970) + 30-25 


= 55-45 + 30-25 

= 1-803 metre per second 

= 5-91 feet per second. 
The area of the pipe = 16-401 square feet. 
Hence the quantity, Q = 16-401 x 5-91 


=96-93 cusecs. 
if : Now Q at 100 per cent. efficiency, with a head of 1,761 feet and a 
. load of 16,790 HP. 
__ 16,790 x 550 
1,761 x 62:5 
= 83-8 cusecs. 


Hence the efficiency = 86°45 per cent. 


By the curve of jet diameters, with a needle opening of 133-25 | 
millimetres, the jet diameter = 185-1 millimetres 


F = 0-607 foot. 
Hence area of jet = 0-2885 square foot. 
Also, Viet = 0-97 x 8:02 x 41-95 
= 326-6 feet per second. 
Hence Q = 0-2885 x 326-6 
= 94-63 cusecs. 


Hence the efficiency = 88-8 per cent. 


CoMPUTATION OF QUANTITY, Q. 


A typical example of the method adopted for reduction of the field _ 
data is illustrated in Figs. 4, 5 and 6 showing the results from unit — 
No. 4. It should be noted that these sections represent views when ~ 
looking up the pipe-line. Mean velocities for all points on the 
traverses were plotted on a diameter of the pipe at a scale of yoth | 
full size, producing curves “ series (a) ’’ and “ series (b) ” in Figs. 43 
5 and 6, which represent the variation in velocity across the par- — 
ticular diameters. After drawing down the pipe-section to the same _ 
scale, points of equal velocities were plotted ; these were selected 4 
from an inspection of curves (a) and (b) as being those between which | 
the change of velocity was reasonably regular and approximated to a 

straight line. In some cases the curves were “smoothed” to a — 
small extent but still enclosed the same total area. Having plotted _ 
all available points, the lines of equal velocity, or ‘‘ contours,’ were 
then sketched in as shown in Figs. 4, 5 and 6, 
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WEBB ON EFFICIENCY TESTS OF a 

The difficulty in completing this graphical representation of 
velocities across the pipe lies in fixing an appropriate value for the - 
velocity at the skin. This is stated by one authority to be 
“half the maximum velocity over the section’ and, by another, as — 
“half the velocity observed in the first annulus next to the skin.” 
For conservatism, the former basis was used, the difference repre- 
sented between the two being shown in Table II. 


TasBie II. 

Half m . : ; ; 

Unit 4 a ei pelachi tak Difference : Difference a 
No Load. velocita:: first of to 

. ported oa annulus: Metre per Foot per quantity : 
| reel pect second. second. per cent. 
k half 0-5 0-40 0-1 0-328 0:47 
three-quarter} 0-76 0-60 0-16 0-524 0-49 
full 1:0 0-8 0-2 0-654 0-38 
ay half 1 0-52 0-41 0-11 0-36 0-43 
three-quarter, 0-76 0-59 0-17 0-56 0-49 
full 1:0 0-80 0-2 0-654 0:27 
a half 0-52 0-41 0-11 0-36 0-51 
three-quarter} 0-77 0-60 0-17 0-56 0-52 
full 1-0 0-795 0-205 0-668 0-38 
4. half 0-51 0-40 0-11 0-36 0-42 
three-quarter! 0-76 0-60 0-16 0-52 0-30 
full 1-01 0-805 0-205 0-668 0-57 
0-436 
mean 
Mean differences for halfload. . . . . . . . 0-46 per cent 
” ” ,, three-quarter load . 2) ney O68 ee 
af aS 77 fulldoad Kay Far Le ee eee 0-40 


Having completed the polar diagram of velocities, the next step ; 
was to calculate the areas of the figures between the velocity contours. 


The outermost of these was arrived at by subtracting the area inside 


the 1:5-metre contour (Figs. 4, 5 and 6) from 2,361-8 square inches, — 
the accepted effective area. The areas of subsequent annular figures _ 
were then obtained by subtracting the areas of successive inner — 
figures in turn. a. 

The areas of the polar figures were arrived at in several ways :— 
(a) by accepting them as equivalent to regular ellipses of the sam 
major and minor axes and to other regular figures in combinati 
(6) by counting squares; (c) by planimeter. Comparison betwe 
(a) and (0) showed any error resulting from the first method t 
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negligible. No direct comparison with a planimeter was made. 
It will be noted that so long as the total area agrees with the effective 


_ area accepted, the error due to the measurement of individual annuli 


represents an extremely small percentage of the total quantity. 

To arrive at the quantity, Q, the area of each. annulus must be 
multiplied by the mean of the bounding velocities, and these products 
summated. A typical calculation sheet for the polar diagrams in 
Figs. 4, 5 and 6 is given in Table III (pp. 272 and 273), which is self- 


explanatory. All the quantities as calculated for the three-quarter 


loads on the four units are set out in Table IV (p. 274); similar 


__ Tables were drawn up for half and full loads. 


EFFICIENCY COMPUTATIONS, 
First calculations of the water-wheel (turbine) efficiencies were 


- then made independently, one based on the output as measured 


by the switchboard kilowatt-hour meters (item 24 in Table IV),1 and 
the other based on the output obtained by readings of the sub- 


_ standard kilovolt-ampere instruments during the actual test runs 


(item 25 in Table IV).! Because of the liability of the kilowatt-hour 
meters to stick, item 24 throughout is considered to be of a lower order 
of accuracy than item 25. In each instance, the turbine efficiency 
was obtained from output divided by input, as set out in item 23. 
With a view to attaining greater accuracy in the measurement of the 
output, sub-standard kilowatt-hour meters were obtained later, 
and subsequent check-tests, intended primarily for calibrating the 
switchboard kilowatt-hour meters, were run. For these tests, the 
needle-opening was set at very approximately the same position 
as for the earlier tests, and was read accurately at intervals as before. 
When it was discovered that sticking of the kilowatt-hour meters 


- was probably responsible for many anomalies in the earlier series of 


efficiency determinations, some method of direct computation based 
on the later tests became necessary. 

To this end, use was made of the earlier test-data in order to 
calibrate the water-wheel nozzles. The four sets of nozzles and 
needles were known to be identical within very fine limits. A 
curve forecasting the diameter of the jet throughout the range of 
needle-opening had been prepared by the turbine manufacturers, 
and this was used as the basis for comparison. Items 2 and 14 in 
Table IV give Q as calculated from the curve by the formula 
Q=0- “97 (md?/4) 4/ 29H. ., Where H, denotes the net head and d denotes 
the jet diameter. (H, in this and all cases was the corrected reading 
of the pressure-gauge on the turbine-inlet bend plus the yelcty 
head at this point.) 


1 As described on p, 274. 
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Taste 1[V.—SuMMARY. 


“ Three-quarter load, 9,000 kilowatts. 
a a aT SS SSIS 
= Item, | @ and pp of needle- | No.1 set. | No. 2 set. | No. 3 set. | No. 4 set. 
1. | Needle-opening(mean) :mm. 87-75 88-15 89-00 88-40 
; by needle-opening (fore- : 
z eh pees : . ew) 69:74 69-84 | 70-32 69-90 
3. by Ott and Author’s com- 
: BPR wane cusecs . “ Fs 70-11 70-66 72-09 71-56 
4, | Difference : item 3—item 2: ; 
cusecs . ~ 0-40 0-82 1:77 1:66 
| 5. | Correction to jtem 2 ‘=(item’ ‘ 
4— item 2) x 100: per cent. 0-575 1-17 2-50 2-35 
-; 6. |Mean: percent. . + 1-65 
: 7. |Q by Ott and P.W.D. com- 
putation: cusecs. . . 70-45 71-14 72-35 71-62 
8. | Difference: item 7 — item : 
2: cusecs . ; 0-74 1-30 2-03 1:72 
9. | Correction to item @ ae (item 
3~+item 2) x 100: per cent. 1:05 1-86 2-89 2-46 
10. |Mean: percent. . + 2-06 ‘ 
11. | Accepted correction to Q by 
needle-opening : per cent. + 1-85 
Efficiency from KWH- 
meter Calibration Tests ‘ 
12. | Date oftest. ©. . . . | 27-4-33 | 30-4-33 | 244-33 | 264-33 _ 
13. | Needle-opening: millimetres 83-4 88-4 88-4 
14. | Q forecasted from needle- ; 
opening: cusecs . 67-465 69-9 69-9 
15. | Correction to Hy ese 14): 
cusecs . 1-25 1-29 1-29 
16. | Q corrected = = ts cuseos 68:72 | 71:19 71-19 
17. | Net need ak ine 
fee ree . « | 1,777-5 | 11,7754 | 1,775-5 
ne. igs! Sloan 5, HP. | 13,880 | 14,363 | 14,364 
<7 Output by sub.-std. kwh- 
meter: kilowatts. . . | 9,107-4 9,089 | 9,063-5 
21. | Generator ficiency 2 per 
cent. . 96-5 96-5 96-5 
22. Turbine output = (item 20 
+ item 21) x 13405: HP. | 12,651 12,625 12,590 
23. | Turbine efficiency =(item 22 
+item 18) «100 : per cent. 91-14 87-90 87-65 
24, | Turbine efficiency by : 
P.W.D. (First Series) and 
_ | kwh-tests: percent... 88-5 88-75 85-7 
25, | Turbine efficiency by 
Author’s (First Series) and 
kva-tests: percent. . . 87:42 | 89-08 88-24 
26. | Turbine efficiency accepted: 
per cent, . . 88-0 88-6 88-0 
27. | Turbine efficiency from final 
curve: percent. . . . 88-6 88-6 88-1 
(tad =: 
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Since item 3 is the quantity, Q, determined by the Ott gauging 


_ apparatus as described above, the extent of the variation of the 
_ percentage difference between items 2 and 3 (and between items 2 


and 7) is an index to the accuracy of the whole work involved. 


_ Thus, items 5 and 9 both define the calibre of the determinations 


and provide the desired calibration of the nozzles. Generally, the 
correction values agree well among themselves, the maximum range 
being just under 2 per cent. It seems probable that the corrections 


_ accepted are within the limits of from + } per cent. to + } per cent. 


of the true values. 
The computation of efficiencies in the second half of Table IV 


- (items 12 to 23) will be clear from what has already been described. 


On all grounds these values (item 23) should be regarded as superior 


= in accuracy to either item 24 or item 25. 


Discussion oF EFFICIENCIES. 


Before considering the numerous values of the efficiency obtained, 


some notes on the relative conditions of the four sets are necessary. 


As stated on p. 271, the wheels and nozzles were identical within 
very small limits, and, on the basis of physical dimensions, values 
for efficiency at any one load from all machines might very well 
be taken together to arrive at an appropriate mean. Reference 
has been made (p. 265) to the fact that the lime from the tunnel had 
incrusted the pipes at the gauging station; it had also deposited 
on the wheels and adjacent parts of the machines, more particularly 
on those of Nos. 4 and 3, which were installed first. It formed a 
hard incrustation up to nearly 4 millimetre thick on the working 
faces of the buckets of No. 4 machine. Having formed a fairly 


_ continuous shell, the incrustation then became broken up into strips, 


leaving areas of clean metal surface of various widths between the 
deposits. Before proceeding with the efficiency tests, the buckets of 
No. 4 machine were scraped completely clean in the bowls and on all 
working faces by means of hard copper scrapers; the buckets of 


No. 3 set, which were less seriously incrusted, were not cleaned, 


- however, and actually showed a considerable amount of incrustation 


s 
| 


11 months later. It was found that, after the passage of considerable 
quantities of water through the tunnel during operation, the surplus 
lime became washed out, with a corresponding cessation of the 


deposit in the turbine pit. Taking into account the condition of the 


several wheels with respect to this incrustation, Nos. 4 and. 1 with 
clean buckets should give the highest efficiencies, with No. 2 (slightly 


 incrusted) a little lower and No. 3 liable to give a definitely lower 


value. 
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putations. These considerations would appear to warrant th 
rejection of values clearly inconsistent with the mean of the two 
lots of figures. On the other hand, item 23 is obtained from com- 
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pletely separate fieJd data, except for the calibration of the nozzles, 
Since for the latter a sub-standard kilowatt-hour integrating meter 
was employed as compared with reliable indicating instruments onl 
in the earlier series, probably the values from the later series should 

be compared with items 24 and 25; for conservatism, however, a — 
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straight mean has been taken to arrive at accepted efficiencies by 
calculation in item 26. 
The critical test for reliability of the final values is the form of 
: the resulting efficiency curve.: Fig. 7 shows the calculated values 
for each unit plotted against a load base and the mean efficiency 
curves finally accepted. The two light chain-dotted lines drawn in 
Fig. 7 above and below the main curves represent the manufacturers’ 


guarantee “band” as forecasted from experience and model-tests. 


Fig. 8 shows the mean curve for No. 4 plotted (by extrapolation) 
down to no-load, which is helpfulin defining the form of the true 
efficiency curve and thus in adjusting erroneous values. 

While the range of “selected ’’ values for machines ostensibly 
identical and at the same outputs is as high as 2 per cent., it is 
submitted that the final curves have an accuracy within + 0:5 per 


~ _cent., and tend to be conservative. A consideration of items 23 and 


25 for No. 4 turbine leads to the conclusion that the efficiencies for 


__ this machine probably should be 89-0 per cent., 89-4 per cent., and 


89-0 per cent. for half, three-quarter and full load respectively, as 
shown by the broken line in Fig. 7. 


FLtow oF WATER IN Suppiy-PIPE. 


While somewhat outside the main subject-matter of this Paper, 
the nature of the water flow shown by the polar diagrams in 
Figs. 4, 5 and 6 is sufficiently different from expectation to excite 
comment and discussion. These figures relate to the tests on No. 4 
machine, that is to say, to discharges through No. 2 pipe-line. Asa 
result of subsequent developments, velocity diagrams for the remain- 
ing machine tests have been prepared, typical ones for No. 1 
machine being shown in Figs. 9, 10 and 11. 

The outstanding features of these diagrams are the absence of 


_ symmetry about the vertical or horizontal centre-lines, the coin- 


cidence of the axes of the polar diagrams for all discharges in each 
pipe-line, and the change of the location of the axes from rather 
above the horizontal for pipe No. 1 (West) to 45 degrees for pipe 
No. 2 (East). The number and consistency of the observations . 
show that the regime of flow is quite definite, although different 
in the two pipes at the gauging station. The two pipes bifurcate 
from the tunnel-pipe and are then subject to the same horizontal 
and vertical bends of 26-5 degrees and 18-1 degrees at 131-5 feet 
and 105:5 feet above the gauging-station, respectively. Between 
145-5 feet and 169 feet upstream from the gauging-station there are 
a Johnson needle-type self-closing valve and a butterfly valve in 
each pipe, the bifurcation occurring above this point. 
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Since the pipes are practically identical below the bifurcation, the 
only tenable conclusion appears to be that some variation from axial 
_ flow is introduced at the bifurcation and persists in the same or 
~ lessened degree down to the gauging-station. It is reasonable to 

suppose that the diameter of the pipe (54 inches) is sufficiently small 

to provide a sensible retardation to any rotational movement, which 
would eventually be damped out in a sufficiently long stretch of 
straight pipe. The results obtained at the gauging-station are sug- 
__ gestive of the water flowing with the centre of maximum velocity 
_ moving spirally about the axis of the pipe. It would be of very 
- great interest to have a second gauging-station, say 50 feet down- 
- stream from the first, from which a second series of velocity diagrams 
could be obtained. More valuable still would be a series of three 
such stations. 

Assuming axial flow in the tunnel-pipe—which is unlikely—the 
bifurcation suggests strongly that any spiral flow in the subsequent 
pipes should be right-handed in one and left-handed in the other. 

_ From a single gauging-station it does not seem practicable to identify 

the direction of angularity of flow. That the peak velocity occurs 
so nearly at the same place on the sections of the two pipes counts 
against such theorizing since it demands so much of coincidence. 
The most difficult feature to reconcile with the spiral-flow hypothesis 
is the persistence of the velocity diagram for such a wide range of 
values. Not only does the axis remain constant but the peak 
velocity occurs in almost identically the same place also. It is 
conceivable that all deviation of the flow from axial is proportional 
to the mean velocity and also to the retarding influences, but this 
hardly seems probable even for the range of values covered. 

Whatever the true explanation, several important points arise — 
with respect to gauging discharges through pipes :— 

(a) It is essential to take an adequate series of readings on at least 

_two diameters at right angles. Very erroneous conclusions can 
clearly be drawn either from a series on one diameter only, or, even 
more so, from a single reading. 

(b) The disposition of velocities in a pipe cannot be predicted 
from previous experiment on another similar pipe, and every gauging- 
station must be examined individually. 

(c) If the flow is spiral, probably the direction of the spiral in 
relation to the blading of the current-meter (when used) will have an 
appreciable effect on the velocity obtained. 

(d) It would appear that disturbances of the flow in large pipes are 
liable to persist for great distances, and that purely axial flowisa rarity. 
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Co@NATE EXPERIENCE. 


= Subsequent to the preparation of this Paper the Author’s attention — 
has been called to a discussion of gaugings made with a current-meter 
in a 12-foot diameter penstock at Arapuni, New Zealand, in con- 
nexion with efficiency tests of large Francis turbines.1 1 
An examination of that Paper will show that the data collected, — 
the methods adopted and the results deduced were closely parallel 
to those described herein. The diagrams in Fig. 4 of that Paper 
(p. 199) for half-load to over-load (with the exception of tests 1 to 9 
for half-load) show the same persistence and definition as those 
: described in the present Paper. No explanation is offered for the 
dissimilarity of tests 1 to 9 (of Mr. Anderson’s Paper) at half-load, 
and information on this point would be of special interest. The 
existence of data for no-load and quarter load affords a useful 
extension of the experience at Shanan, and tends to confirm the 
expectation of less stable conditions at low velocities. 

The Paper referred to is a valuable contribution to the experience 
of water measurement. Together with the results from Shanan, — 
these data go far to establish the phenomena described and their 
uncertainty of prediction as being the usual rather than the excep- 
tion, and should carry an urgent warning against reliance on anything 
less than a complete exploration of the pipe cross-section for deter- 
mining the mean velocity of flow. The unreliability of pitot measure- 
ments based on one point or on a limited number of points will be : 

_ self-evident. . 


Ny 
f 


The Paper is accompanied by twenty-one sheets of drawings — 
and diagrams, from some of which the Figures in the text have been _ 
prepared, and by six photographs. 


1G. P. Anderson, ‘‘ Flow in Large Pipes.” Proc. N.Z. Soc. C.E., vol. xx 
(1933-34), p. 178. ‘ 
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Appendix . 


INTRODUCTION. 


In spite of the antiquity of the voussoir arch and the extensive use 
to which it has been put, the theory of its behaviour never appears 

_ to have been adequately examined ; although there is a considerable 
literature dealing with its design, the methods suggested are largely 
empirical and do not take into account the essential features of the 
mechanics of the structure. With the object of throwing some light 
on the problem and, if possible, of obtaining a more rational basis of 
design, work has been in progress for some time in the Civil Engineer- 
‘ing Department of the Imperial College of Science and Technology, 
and the present Paper describes the results obtained during the first 


~ stage of the research. 


It may appear at first sight that such a research is of little practical 
interest at the present time, but a large number of bridges of voussoir- 
arch construction exist on highways where the volume of traffic is 


5 1 Correspondence on this Paper can be accepted up to the 15th April, 1937, 
and will be published in The Institution Journal for October, 1937.—Sxo. 
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increasing out of all proportion to the original intention, and a 
decision as to the adequacy of these bridges to carry the far 
greater loads is a matter of vital importance. The problem is, 
indeed, so acute that the Department of Scientific and Industrial 
Research, at the request of the Ministry of Transport, is carrying 
out an exhaustive series of destruction-tests on actual bridges. 
Although the work described in this Paper was begun at the request 
of the Building Research Board before this full-scale testing was 
initiated, close contact has been maintained between the two in- 
vestigations, and it is hoped to co-ordinate the final results. 


Review oF ACCEPTED Basis OF DESIGN. 


' The generally accepted basis of design for a voussoir arch is the 
assumption that no tensile stress can be taken by the mortar joints 
and that the structure must, therefore, be so proportioned that all 
parts of it are in compression under the combined action of the dead 
load due to filling and the live load which it is called upon to carry. 

In the case of a long span the dead load is so great that the live 
load may safely be neglected, but in smaller bridges the latter is an 
important factor and the problem becomes more complicated. The 
general analytical procedure is well known and needs only to be 
mentioned briefly. It consists in designing the arch so that the 
‘Tine of resistance ” or “line of equilibrium” falls everywhere 
within the middle-third of the depth. This line of resistance is, in 
_ fact, a linear arch which would be in equilibrium under the action — 
of the applied loads, and is the inversion of a flexible cable loaded 
in the same way. 

If the arch were pinned to the abutments, such a linear arch could 
be drawn accurately to pass through any other point, and the method 
would be accurate provided that the abutments were absolutely 
rigid. Since, however, the arch springs from fixed skew-backs, it 
is necessary to assume three points through which the linear arch 
passes, for example, one on each skew-back and one at the crown. 
Various rules have been suggested for the location of these points, 
but they are all of the nature of working hypotheses and do not 
really overcome the fundamental difficulty of the problem. a 

The voussoir arch is in reality, upon the usual assumptions E. 
statically indeterminate, and can only be analysed by obtisidowatien _ 
of its elastic behaviour. This was realized by Castigliano, who _ 
treated the problem by strain-energy methods! and obtained sa 


od Elastic Stresses in Structures,” translated by E. 8. Andrews, p. 342. London, 
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solution which, within the limits of his assumptions, was consider- 


_ ably more trustworthy than that given by the usual treatment. He 


considered the arch to be an encastré rib and determined the resultant 
actions at all sections by the method of minimum strain-energy. If, 
at any section, tension was developed in the material, the area 
subjected to tension was supposed to be removed, thus leaving an 
effective arch wholly in compression. This new arch was analysed 
in the same way as the original and any tension areas were again 


~ removed, the process being continued until there remained an arch 


subjected only to compressive stresses, which were the actual 


stresses developed in the material and indicated whether the design 


was satisfactory. The process is lengthy but rational, and con- 
stitutes the first scientific approach to the problem. 

In all methods of analysis, however, it is assumed that the abut- 
ments are rigidly fixed, so that there is no possibility of a change in 
the original span. If this is true, Castigliano’s treatment appears to 
be reasonable, but in actual practice the assumption is a very doubtful 
one, and absolute immovability of the abutments cannot be relied 
upon. Not only will the thrust of the arch cause slight spreading 
of the supports, but settlements of the foundations, or even earth- 
movements under the foundations, must be treated as serious 
possibilities which may cause alterations in the span after the arch 
is erected. 

It was felt, therefore, that any research must take these factors 
into account and must endeavour to give a theory of behaviour for 
all possible cases. The problem to be investigated falls into two 
separate parts. In the first place, it was essential to determine 
the manner in which a voussoir arch behaves under load, and in 
the second place, to use the knowledge thus gained for the formula- 


~ tion of a method of design. The present Paper deals only with the 


first part, that is to say with the mechanics of the voussoir arch. 
An extension of the work to the second stage of the problem is in 
progress. 


Tur EXPERIMENTAL APPARATUS. 


For a study of the behaviour of the arch, as distinct from an 
investigation of design problems, it was desirable to experiment 
upon a structure made of material whose elastic properties were 
definite, and for this purpose a segmental arch was made of steel 
voussoirs. The span was 4 feet and the rise 1 foot. The voussoirs, 
fifteen in number, were each 3 inches deep and 14 inch in width ; 
they were very carefully machined so that the bearing was as 
perfect as possible. In some cases a very thin rubber insertion 
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was placed between them to distribute any slight inequalities, but 
this did not appreciably affect the results obtained. The arch was 


_ made so that it could either be mounted on pins at each abutment 


or on skew-backs. The design is shown in Figs. 1. 

In either case, whether the ends were pinned or mounted on 
skew-backs, one support was fixed in position and the other was 
attached to a saddle which could move on ball bearings in a horizontal 
direction. The movable end was anchored by a No. 2 B.A. tie-rod, 


Figs. 2. 
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to which was attached a delicate extensometer of the mirror type 
which enabled the horizontal thrust to be measured. The span of 
the arch was controlled by a turnbuckle and a delicate mirror 
indicator. The tie-rod was calibrated by direct loading and the 
extensometer allowed the load in it to be measured to about 0-1 Ib. 
The centre of each voussoir carried a spindle from which weights 
were hung to represent the filling of the arch, and an extra load 
representing the live load could be suspended from any of these 
points. The voussoirs were provided with slots and. pins to prevent 
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relative rotation, but no other restraint was given. The arch, when — 
loaded, was very stable, but each voussoir was provided with a slack 
loop of string or wire carried from an overhead support to avoid 
damage to the structure or experimenter if collapse occurred. 


CALIBRATION OF APPARATUS. 


Before carrying out experiments on the voussoir arch it was 
desirable to check the accuracy of the measuring apparatus by 
reference to a calculable structure, and a solid arch-rib of the 
same overall sizes as the voussoir arch was machined from steel bar 
and mounted on the pins which were to be used for the later ex- 
periments. The influence line of thrust for this rib was calculated 
by strain-energy methods and was also determined experimentally, 
using the whole of the apparatus employed subsequently. The 
span was maintained constant during the experiment, the slight 
increases due to the elastic stretch of the tie-rod under load being 
taken up by the turnbuckle. The mirror indicator allowed this to 
be done exactly. Figs. 2 shows a comparison between the theoretical 
influence line of thrust and the experimental points, the data being 
given in Table I. The agreement is everywhere exact within the 
experimental limits, and shows that the apparatus and technique 
could be relied upon. ~ 


TaBLeE I, 
Vatuses or H/W ror Souip Arcx-RiB. 


Position of load. Theoretical value of H/W. | saree tll value of H/W. 
Centre 0-735 0-734 
2 0-715 0-712 
3 0-659 0-660 
4 0-570 0-566 
5 0-455 0-452 
6 0-325 0-325 
7 0-190 0-190 


EXPERIMENTS ON Two-PINNED ARCH WHEN THE SPAN IS KEPT. 
CoNnsTANT. 


The first set of experiments upon a voussoir arch dealt with the — 
case of pinned ends when no spread was permitted to take place. — 
It will be realized that it is a matter of great difficulty to obtain 
perfect bearing between all the voussoirs, and preliminary experi- 
ments showed that more consistent results were obtained when 
very thin pieces of rubber sheeting were inserted between the 


_—_—- 
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voussoirs than when the steel surfaces were directly in contact. 
The rubber was only about 0-010 inch thick, but it served to equalize 
the bearing pressures. 

A series of concentrated loads was applied to each voussoir in 
turn, this load being additional to the constant dead weight of the 
arch and filling, and the horizontal thrust thus produced was 
measured. The result is best described with reference to a particular 
case, and for this purpose the curve obtained when voussoir No. 5 
was loaded will be considered. This curve (Fig. 3) shows the increase 
of the horizontal thrust due to the applied concentrated load, and 
it consists of two straight lines joined by a short transition curve. 


The slope of the lower line gives H = 0-485 W, which agrees fairly 
er 
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well with the value of H = 0-455 W for a similar solid arch-rib, 
similarly loaded. The upper line gives H = 0-720 W, and this is 
very close to the value of H = 0-716 W obtained for an arch-rib 
pinned at the supports and at a point on the extrados of the joint 


nearest the load between the centre of the arch and the loaded point. 


Curves of the type shown in Fig. 3 were obtained for loads at a 
number of the voussoirs in turn, and experimental influence lines 
of the two values of H were thus determined. The values are given 
in Table II (p. 288). Figs. 4 (p. 288) shows these experimental points 
and also the theoretical H lines for a solid rib and for a three-pinned 
arch. In the latter case the third pin is always assumed to be at the 
joint on the extrados next to the load, between the load and the centre 


ofthe arch. The agreement is good and indicates clearly that when the 
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Taste IL - a 
Vauurs or H/W ror Two-Prnnep Voussorr ARCH. 


Position of Lower value of H/W. Upper value of HIN 
ao Theory. Experiment. ‘Theory. Experi n 
Centre 0-735 LP O76Tit ade womesst Heol odes 
: 2 0-715 O'T5O* i soll 0-820 
<a 3 ; 0-659 0-695 0-801 
4 0-570 ] 0-600 — 0-772 © 
5 


0-455 =| 0-485 | O-716 


4 oY ' Pi a 
abutments were kept fixed the structure behaved for small 
any point very nearly as an arch-rib, and for larger loads. 
_ Pinned arch. A particular case of this was observed b 
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_ C.K. Greene, and reference " made to it in his book,! but he did not 
_ apparently follow up the idea. 


When the concentrated load was removed it was found that the 


_ H-W line did not coincide with that obtained during loading. In 


_ some cases it indicated that a virtual pin occurred even at very 


small loads. This effect was found to be due to the presence of 
the rubber insertion, which was compressed during loading and did 
not completely recover when the load was removed. This gave the 


- same effect as a slight increase in span, which will be discussed later. 


The results of these experiments suggest that the method proposed 


__ by Castigliano is sound in general principle. ‘The lower curve shows 


that up to a certain value of the load the arch behaves as a solid rib. 
The progressive increase in the rate of change of thrust as the load 


is increased can be accounted for by a diminution of cross-section 


- due to the tension portion of the arch becoming inoperative. At a 


still higher value of the applied load the relationship between load 


_ and thrust becomes constant once more and agrees with the value 


obtained when the whole depth of the arch has become inoperative, 


leaving the voussoirs making contact only at the extrados and giving 
a virtual pin joint. It will be seen that, while the agreement 
between the observed and calculated values of the thrust for the 
case when the arch has become virtually pinned is excellent, the 
experimental value of the thrust for low values of the load is 
everywhere rather higher than the theoretical value for the two- 
pinned rib. This would be the case if at certain joints the bearing 
were not perfect, and this is probably the explanation of the 
discrepancy. There is, however, no doubt that the general behaviour 
of the voussoir arch is as described above. 


EXPERIMENTS ON Two-PinnED ARCH witH ABUTMENTS SPREAD OR 


CONTRACTED, 


The experimental results described in the last paragraph were 
obtained by keeping the span of the arch absolutely constant 


_ whatever load was applied to it, thus satisfying the usual theoretical 
assumption. This will very seldom be exactly true, as there can 


be little doubt that in the case of an actual arch the abutments will 
move either due to the load on the bridge or to foundation move- 
ments. In order to complete the investigation, therefore, observa- 
tions were made of the behaviour of the model structure when the 


arch was given a small but definite spread and also when the abut- 


ments were brought closer together than the designed span. The 


x 1 «Trusses and Arches,” Part III, p. 99. London, 1903. 
19 
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next set of experiments to be described are therefore those upon a 
voussoir arch pinned at the ends, which has been given an initial 


spread. The arch was first erected as accurately as possible without 
the insertion of rubber between the joints and was loaded with ~ 


Figs. 5. 
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weights representing the dead load of the filling. The turnbuckle 
controlling the span was then adjusted to give a small spread. 
Visual observation showed that under these circumstances the key- 
stone was held only at the extrados of the two joints, and that there 


HORIZONTAL THRUST H~ LBS. 
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was a slight gap in both these joints at the intrados. This is shown 
in Figs. 5. A small additional concentrated load was applied to a 
particular voussoir (for the purpose of illustration, this was No. 6), 
and the effect of this was to cause the joint on the farther side of 
the key-stone to close, leaving a single “pin” at the extrados 
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. between the key-stone and voussoir No. 2. An increase in the 
- concentrated load caused this “ pin” to move to the extrados of 


s the next joint towards the load and a progressive increase in the 
_ MInagnitude of the applied load caused the joint to move nearer and 


_ nearer towards the loaded voussoir. The sequence of events is 


_ shown in Figs. 5. When the pin had taken up a position on the 


joint next to the load between the load and the centre of the arch 


_ it did not change its position again until failure occurred.1 When 


eo 


Figs. 7. 
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this load was removed the cycle of events was reversed and the pin 
joint assumed the same series of positions as during loading ; the 
process could be repeated over and over again with perfectly con- 
sistent results. It is therefore clear that in a pin-ended voussoir 
arch a spread of the abutments produces what is effectively a three- 


1 See p. 295. 
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292 
pinned arch in which the third pin ultimately assumes a position 
at the extrados of the joint next to the load, between the load and 
the centre of the arch. Having observed this behaviour it wai 
verified by measuring the value of the thrust for definite value 


; the point load, and Fig. 6 shows, as an example, the curve w. 
‘an voussoir No. 5 was loaded. It will be seen that the first portion of 


TaBLE III. 
ee f Vaturs or H/W For THREE-PINNED ARCH. 


Position of load. Theoretical value of H/W. | Experimental value of H/W. 
Centre 0-835 0-826 


2 0-831 0-820 
3 0-815 0-810 a 
4 0-782 0-772 
5 0-741 0-742 
6 0-672 0-666 


a 


the curve is not straight,! due to the changing position of the pin 
as it moves from the centre of the arch towards its final position. 
When this final point has been reached, however, the curve becomes 
linear and its slope corresponds to the thrust for the corresponding 
three-pinned arch, which can be calculated statically. In Figs. 7 
_ the theoretical influence line of thrust is shown for the three-pinned 


Figs. 8 ; ‘ 
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only 


Saeah ait toad 5 
arch, the third pin being assumed to be in the appropriate none n 
next to the load, and experimental values obtained from the slo oS 
of curves such as that of Fig. 6 show excellent agreement. The 
numerical values from which Figs. 7 is plotted are given in Table III. 

For the purpose of calculating the thrust the dimensions of the 
arch in its slightly distorted form were measured by a cathetor ; 


1 This portion of the curve actually consists of a series of short line 
corresponding to the pin at a particular joint, but the limits of these 1 
not sufficiently demarcated to show on the diagram, The points obtaine 
therefore been connected by a curve. ae. dae ae 
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and the values do not therefore agree exactly with those shown in 
Table II (p. 288), where no spread was given to the arch, since in 


f that case the undistorted dimensions were used. 


If the abutments, instead of being spread, are contracted, a pin 


2 forms on the intrados of the arch between the key-stone and the 


next voussoir. As the live load increases, the pin travels away from 
the loaded point, as shown in Figs. 8, instead of towards it as in 


: _ Figs. 5; the final position in this particular case is 3-4. 


ANALYTICAL EXPLANATION. 
The experimental results just described are capable of analytical 
explanation as follows :— 
The arch is assumed to carry its dead load and also a point load 


W in any specified position. The strain-energy U stored in the arch 
due to this load is a quadratic function of both W and H, the 


horizontal thrust in the arch, and can be expressed in the form 


U = aH? — H(ibW +c) +dW2+eW+f. . (1) 


where a, 6, c, d, e and f are constants which depend only on the dead 
load and the position of the load W.* 

If a pin is assumed to exist either at the extrados or intrados of 
any particular joint, H is statically determinate in terms of W and 
the dead load, and can be expressed in the form 


Be OW sq) xe Ss eee (4) 


where p and q are constants which depend on the position of the pin, 
on the dead load, and on the position of W. Thus, substituting 
from (2) in (1), it will be seen that for any particular position of the 
pin the strain-energy stored is again a quadratic function of W. 

Assuming in turn all possible positions of the pin, a series of crossing 
curves, as shown in Fig. 9 (p. 294), is obtained. , In the actual voussoir 
arch the “ pin” can form at any of these positions and it is clear that 
the arch will assume the form which, for any given load, causes it to 
store the least energy. Thus the lower curve will always represent 
the true conditions, and the points of intersection of the various 
curves give the theoretical values at which the pin changes position 
from one joint to the next. 

Table IV (p. 294) shows a comparison between the calculated 
and experimental loads at which transition of the pin from one joint 
to the next takes place, and it will be observed that the agreement 


is excellent. 


-* The mathematical argument and the values for these coefficients are 


developed in the Appendix (p. 304). 
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unnecessary to evaluate the energy stored in the arch in order to 
determine the position of the pin. 

In the case of a two-pinned arch H can be found from the 
condition that the structure shall store the minimum energy, 


‘ 
The above affords an explanation of what happens, but it is , 
) 

. dU ; 
that is, — = 0, and so from equation (1), 
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¥ Position of pin Load at 6 L. 
Condition of span, 
adetsie Theory. Experiment. 
Extrados 
Spread 12-2 Ge, 6-1 50 
2, 3-3, 4 L 12-7 11-5 
3, 4-4, 5 L 19-6 18-5 
4, 5-5,6 2 25:4 24-5 
Intrados 


Contracted 1, 2-2,3 R 24-9 25-0 


THE MECHANICS OF THE VOUSSOIR ARCH. 295 


For any other value of H, whether higher or lower than (3), the 
strain-energy will be greater than when A is given by (3). Tf, 
however, owing either to spread or contraction of the abutments, 
it is possible for a third pin to develop somewhere in the arch, the 
pin will assume that position which will cause the arch to store the 


_ least possible energy above the minimum ; that is, the position for 


which # is nearest to the value (8). 
Since H is a linear function of the loading, it is a simple matter 


to determine H for different positions of the pin, to draw the H-W 


lines, and from them to determine the pin position for any value of 
W. Fig. 10 (p. 296) shows such a diagram constructed for a load W 
applied at voussoir No.6. The family of lines below the H—W line 
for the two-pinned arch relate to the case of a virtual pin on the 
extrados, whilst the family above that line relate to the case of a 
pin on the intrados. 

The case in which the abutments are spread will now be con- 
sidered. The pin is then formed at the extrados. When W = 0 


_ the diagram shows, as might be expected, that the pin is between 


the key-stone and the next voussoir. As W increases, a value is 
arrived at for which there are two possible positions of the pin on 
the extrados for the same value of H. For a further slight increase 
in W the pin will take up the position 2-3 since the corresponding 
H is then nearer the H for the two-pinned arch. As the load 
increases still more, further points of “choice” occur and the 
“pin” switches over at each until position 5-6 is reached. At 
first sight it would appear that there should be a return to the pin 
position 4-5 when W is greater than 58 lbs., the corresponding H being 
then nearest to the value for the two-pinned arch. No such return 
is, however, possible since there is no second point of “ choice ” 
between 4-5 and 5-6. This lower value for the energy could only 
be obtained therefore by a jump in the value of H, which is impossible 
since it is essentially a continuous function of W. : 

The same argument applied to the family of lines obtained for a 
“pin” on the intrados shows that the position of the pin moves 
away from the load as shown by the experiments. 


ULTIMATE FarnureE oF Two-Pinnep ARCH. 


It is not intended in this Paper to discuss the possible causes of 
failure in an actual voussoir arch, since these depend upon factors 
not included in the present investigation. They will be left for 
discussion in a later Paper when further experiments now in hand 


are completed. There is, however, one aspect of the problem which 
rightly falls within the scope of the present work. 
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Reference to Fig. 10 will show that at a load of 74 lbs. the H-W 
line for a pin at the extrados of joint 5-6 L crosses the line for a pin 
at the intrados of joint 3-4 R. This indicates that for this particular 
value of the point load there are alternative positions of the pin, 
and the structure becomes in effect a three-bar mechanism. This 
was clearly also true for the case previously considered, when 
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alternative positions of the pin were possible. In the earlier cases 
however, both pins were either at the extrados or at the intrados, 
and the movement of the structure was strictly limited, since the 
opening of one joint entailed the closing of the other. When one 
of the possible pins is at the extrados and the other at the intrados 
as occurs for a load of 74 Ibs. (in this particular case), the opening 
of one joint necessarily means that the other will also open ; the 
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structure has therefore no restriction of displacement, and can 
collapse. An experiment was made to verify this conclusion and 
failure occurred by the formation of pins at the points specified at 
a load of 70 lbs. 

When the span of the arch is contraéted and a load is applied at 
the same voussoir as before, the ultimate position of the pin is at 
the intrados of joint 3-4 R, and the diagram shows that at 74 lbs. 
instability should occur in exactly the same way as just described. 


- An experiment confirmed this, collapse occurring at a load of 


69-5 lbs: 

This type of failure is not, however, dependent upon an initial 
incorrectness in the span of the arch, and when this was maintained 
at the correct value an exactly similar collapse occurred at a load 
of 70 lbs. The H-W diagram of Fig. 10 can therefore be used to 


-_ determine the load at which the arch becomes unstable. Failure 


— 
" : 


may occur in actual arches from other causes at smaller loads, but 


__ this is a matter still to be investigated. 


EXPERIMENTS ON A FIxED-END ARCH. 


The voussoir arch is not actually supported on pinned ends as in 
the experiments just described, but on skew-backs which may, on 
the assumption of perfect fixity, be supposed to provide encastré 
ends. The changes of slope at the ends of a pinned arch under load 
are, however, extremely small, and a very slight movement of skew- 
backs would be sufficient to transform a nominally fixed-end into a 
virtually-pinned arch. It is therefore likely that the case of the 
pinned arch, just described, is in many cases a closer approximation 
to the true conditions in an actual structure than when the ends are 
assumed to be encastré. It was clearly advisable, however, to 
examine the latter case, and the experimental structure was modified 
by the provision of special end blocks to take the place of the pinned 
ends previously used. At one end a steel skew-back, carefully 
machined to the correct angle, was bolted to the framework support- 
ing the arch ; the other end was mounted as in the earlier structure, 
its horizontal movement being restrained by the No. 2 B.A. tie-rod 
as before, but in this case an extension arm rigidly attached to it 
allowed moments to be applied by adding weights to the end of the 
arm. The angle of the voussoir at this end could thus be con- 
trolled. (Figs. 1, p. 284). 

The first experiments were made to determine whether the arch 
under small loads behaved as an encastré rib. The obvious way to. 
do this would have been to apply the load, allowing the free end to 


» 
- 
+ 
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rotate, and then to add weights to the extension arm to restore it 
to its original position, at the same time keeping the span correct 
by adjusting the turnbuckle. Measurements of the moment applied 
to the end, and of the horizontal thrust, would then provide the data 
for comparison with the encastré rib. Owing to the extremely small 
angular change at the end of the arch, however, this method was not 


© — Experimental 
values of H 


practicable and the problem was approached rather differently. 
For the concentrated load in any position the bending moment at 
the end was calculated on the assumption that the arch was a solid 
encastré rib, and this moment was applied. The thrust as measured 
was then compared with the theoretical value for the encastré rib ; 
the results are given in Table V and Figs. 11. 

The agreement is fairly good, and it is clear that until tension is 
developed in the arch, it behaves as an encastré rib. 
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TABLE V, 
VaLurs oF H For A Frxep-Enp Voussor ARCH. 


Position of load. Theoretical value of H/W. | Experimental value of H/W. 
Centre 0-933 0-954 
2 0-892 0:914 
3 0:773 : 0:795 
4 0-613 0-616 
5 0-417 0-454 
6 0-205 0-250 
ii 0-057 0-096 


EXPERIMENTS ON A FrxEp-Enp ARCH. WITH ABUTMENTS SPREAD 
oR CONTRACTED. 


As in the case of the arch with pinned ends it is probable that the 
most important practical case occurs when a slight movement of 
the abutments takes place, and this was the next case to be in- 
vestigated. There are several possibilities to be considered, as 
follows :— 

(a) The abutments may spread and at the same time rotate in 
such a way that the ends of the arch are free to take any 


- angular positions. 
(b) There may be spread of the abutments with no angular 


movements. 
(c) The abutments may approach each other. 


The last of these cases is possibly only of academic interest, but 


_ the first two can, and probably do, occur frequently in practice. 


In the model it was only possible to adjust the movements of one ~ 
skew-back, but visual observation showed clearly what occurs under 
the different conditions. When the abutments were spread and the 
adjustable skew-back was allowed to rotate freely, the arch behaved 
exactly as in the case of the pin-jointed structure previously described. 
In this case the “ pins ” were at the centre of rotation of the adjust- 
able skew-back, at the intrados of the joint between the end voussoir 


and the fixed skew-back, and at the extrados of some other joint, 


the position, as before, being governed by the magnitude of the point 
load. 

When the abutments were spread and rotation was restrained, 
“ pins ” developed at the intrados of the two joints next to the skew- 


‘packs and at the extrados of another joint, as before. If the abut- 


ments were brought closer together than the designed span, pis” 
appeared at the extrados of joints near the skew-backs (not always — 


at the joints next to them) and at the intrados of some other joint 


ve 


a 
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Figs. 12. 
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as in the pin-ended arch. These cases are shown in Figs. 12. A 
comparison between the measured and theoretical values of the 
thrust for case (a) is given in Table VI and Figs. 13. 

It is, therefore, clear that the fixed-end arch, if there is any move- 
ment of the abutments, becomes in effect.a three-pinned arch, and 
can be treated as already shown. 


TasiE VI. 
Vauurs oF H/W ror Fixep-Enp Arch with ABUTMENTS SPREAD. 


Position of load. Theoretical value of H/W. | Experimental value of H/W. 
Centre 0-779 0:784 
2 0:770 0-761 
3 0-744 0-728 
4 0-683 0-686 
5 0-615 0-609 


Muttiete Loaps on AN ARCH. 


The experimental and analytical work described has dealt only 
with the case of a single concentrated load in addition to the dead 
load of the filling, etc. If, as is usual, a number of loads act simul- 
taneously, the same method can be used to determine the position 
of the virtual pin formed when the abutments move. Suppose, for 
example, that loads W1, Wz, Ws, etc., act at specified points. In 
the first place it is necessary to plot the H—W line for a two-pinned 
arch. The two pins are taken at the appropriate positions on the 
skew-backs ; for example, at the intrados, if the arch is considered 
to be spread slightly. The value of H due to the dead load alone 
is first calculated and is the value of the intercept on the H axis 
when W is zero. The values of H for Wy, Wo, and Ws acting 
separately are then calculated, and the sum of these is added to 
the dead-load value to obtain the total H for the full load. This 
total value is plotted at any suitable distance along the W axis 
representing full load on the arch, and the point thus obtained is 
joined to the intercept value to complete the H—W line for the two- 
pinned case. 

The same procedure is carried out for a three-pinned arch, the 
third pin being at any one of the possible positions, and the H-W 
line for this case is found. By repeating the process for each possible 
pin position in turn a series of lines is obtained corresponding to 
those of Fig. 10, but representing the case of multiple loads, and from 
these the position of the virtual pin may be found. . 
_ Jn most cases it would be sufficient merely to calculate the values 
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of H due to the complete load system for all positions of the pin, and 
to select that nearest to the two-pinned value, but occasionally, as 
shown on pp. 294-5, this would give an erroneous result, since an 
impossible value might be indicated. It is therefore safest to draw 
the diagram and to trace the transition of the “ pin.” 4 
It should be noticed that the superposition of the effects of the — 
different loads is only valid because the H—W relationship is linear. 
The correct result would not be obtained by adding the strain- 
energies due to the separate loads, and curves of the type of Fig. 9 
cannot be easily drawn for more than a single load. In general, the 
load system will consist of a train of loads which cross the bridge, — 
and investigation will be necessary for all possible positions. In 
such a case the best method is to draw influence lines of H for the — 
two-pinned arch and for the series of possible three-pinned arches. j 
The total values of H for the loads in any position can then be 
obtained, and the necessary diagrams may easily be plotted. 


SuMMARY AND CONCLUSION. 


The results of the research up to the present may be summarized 
as follows :— 


,@ Two-pinned arch with span kept constant—When the span was 

kept constant the two-pinned arch behaved like a solid rib of the — 
_ same dimensions until a certain value of the point load was reached. 
As this load was increased the ratio H/W also increased, until it _ 
reached the value corresponding to that for a three-pinned arch in | 
which the third pin was at the extrados of the joint nearest the load, _ 
between the load and the centre of the arch. At this value it re- 
mained constant. 

(6) Two-pinned arch with abuiments slightly spread.—A virtual pin 
joint was found to develop at the extrados. When there was no — 
live load the pin was at the crown, but its position changed with the a 
magnitude of the live load, moving in turn to joints nearer the load, _ 
the final position (when the load was sufficiently large) being at the 
joint next to the load, between the load and the centre of the arch. 

(c) Two-pinned arch with abutments brought nearer together —A 
virtual pin joint developed at the intrados. When there was no — 
load the pin was at the crown, but its position changed with the — 
magnitude of the live load, moving in turn to joints farther away — 
from the load. - “at 

The position of the third pin for any system of loads could be 
readily determined for either case (b) or (c), whilst the load whic h 
produced instability of the structure in cases (a), (b) or (¢) could 
also be determined. | vet eed 


“© 
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(d) Fiaed-end arch with span kept constant—In this case the arch 

behaved for low loads approximately as a solid rib. 
: (e) Fiaxed-end arch with abutments spread.—Virtual pins were found 
~ to develop at the intrados of the skew-backs and at the extrados of 
some other joint, the position of this third pin being the same as 
that described in case (6). 

(f) Fiaed-end arch with abutments brought nearer together —Virtual 
pins were found to develop at the extrados at or near the skew-backs 
and at the intrados of some other joint, the position of this third pin 
being the same as that described in case (c). 

_ (g) In most actual arches there will probably be a spread of 

abutments corresponding to cases (e) and (f) above, and in this case 
the problem of the arch will be statically determinate. Any design 
method should therefore take into account the probability of the 
structure assuming the three-pinned form. 


ie Further work is in progress with the object of extending the results 
- to the stage of practical application to design, and it is hoped to 
report on this extension at a later date. This investigation was 
made in the Civil Engineering Laboratories of the Imperial College 
- of Science and Technology, and the thanks of the Authors are due 
both to the building Research Board of the Department of Scientific 
and Industrial Research and to the Clothworkers Company, whose 
respective research grants made it possible to carry out the work. 
They also thank the Building Research Board for permission to 
publish it in this form. 


The Paper is accompanied by fourteen sheets of drawings from 
which the Figures in the text have been prepared, by two photo- — 
graphs and by the following Appendix. 
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APPENDIX. 
The analytical work mentioned on p. 293 of the Paper is here developed in 
detail. . 
Consider the segmental arch of uniform section shown in Fig. 12; this arch 
may be either two-pinned or three-pinned. 


Let R, denote the mean radius, 
» Re= eR, ,, radius to the extrados, 
» 2; = tR, s radius to the intrados, 
and ,, 2¢ 3 angle subtended at the centre O. 


For convenience all angles are measured from OP, the vertical through O. 
Let X be any point on the centre-line of the arch such that angle POX = @. 
It is assumed that at the end A, where @ = — ¢, and at the other end B, where 


Fig. 14. 


IP 


0 = ¢, virtual pins exist at a radius R= aR,. 

Suppose that a single load W acts on the centre line of the arch at the point 
@ = y, which may be either a positive or a negative angle. 

Then the vertical reaction at A is 
(x sin ¢ — sin y) 
lasing ows, Se a 

At the point X the bending moment is 

My=R{H(« cos 6 — cos 9) + Va(sin 6 + & sin $)—[W(sin 9—sin y)]}} (2) 
and the compression is 

Pz = H cos 6 — Va sin 6 + [W sin 6], oe ae ee 

where H is the horizontal thrust in the arch and the term in square brackets 
is only included when X lies between the load and B. 

The strain-energy of the arch due to bending and compression is 


db : ¢ 
2 
U=U,+0,= M,*ds | es J 


Va=W 


2EI 


where ds = R,d0, and I and A are the constant 
area of the cross-section respectively, 


— 
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Consideration of equations (1) to (4) shows that this strain-energy is a 
quadratic function of the loading, and that it may be expressed in the form 


r= Gib W = awe ee Se) 


’ where the constants a, b and d depend only on the position of the applied load W ; 


a and 6 are given by 


=< ai [$(1 + 2a? cos’d) — (2% — 4) sin 24] 
he = (¢ + 4 sin 2¢), 
b= as [(cos % — cos ){cos % ++ (20 + 1) cos } ace 


2EI 
-+ 2(a — 1) sin?¢d — 2a cos d(ad sin d — i sin f)] 
R 
_ oak (cos*s — cos?¢), 
but it will be found unnecessary to evaluate d. 
The condition which must be satisfied by the horizontal thrust H depends 
on whether the arch is two-pinned or three-pinned. 


(i) If the arch is two-pinned, H must satisfy the elastic condition = == (0) 


HaoW 


a (7) 


that is 


and this value of H causes a minimum storage of energy. 
(ii) If there is a third virtual pin somewhere on the extrados at 0 = x, H 
must satisfy the geometrical condition 


H(e cos x — « cos $d) = Va(esin y + a sin gd) —[W(e sin x — sin y)], (8) 


where the term in square brackets is only included if the pin lies between the 
_ load and B. 


_ (ili) If the third virtual pin is somewhere at the intrados, 1 must be 
written for ¢ in (8). 

Suppose that the weight of the arch and filling is represented by a series of 

loads. w,, ws,. .. . acting on the centre line of the arch at f = py, #2... »; 

and that in addition a live load W acts at 4 =z, Since the expression for 


energy is a quadratic function of the loading the total energy cannot be found 


by superposition of the separate energies due to the various loads. It would 


4 be necessary first to obtain (by superposition) expressions corresponding to (2) 
and (3) for the complete loading, and then to evaluate the right-hand side of (4). 


Without going into detail, however, it is clear that the energy stored can be 
expressed in the form 


U = aH? —HA(bW +c) +dW?+eW+f, . «© » + (9) 
where a and b are the coefficients given in (6) when y = yr, and 
: (pe lI SU So ee ae ae ee 100) 
b,, by, .... being the values of 6 corresponding to p= yj, ¥,,... The 
further coefficients d, ¢ and f depend only on the dead load and the position 
of Wz 
90° 
= 


The horizontal thrust H is subject to the same conditions as set out on p. 305. — 

Thus 

(i) if the arch is two-pinned, the value of H can be obtained by super- 

posing the effects obtained from (7) for the various loads considered 
separately ; written shortly, 

bW+c 

2a > 


and for this value of H the arch will store minimum energy. 
(ii) if the arch has a third virtual pin the value of H can be found by — 
superposing the effects obtained from (8) for the various loads con- — 
sidered separately. Suppose that for one position of the virtual 

pin the total H is given by 


. - « Cy 


Ay = 9. W stdin & Gai eo pee : 
and that for a second position of the pin 
He = DW de ee oe ee 


If these values for H are substituted in (9) in turn the energy stored in the — ‘ 
arch corresponding to these positions of the pin can be determined. This was | 
done in order to obtain Fig. 9 (p. 294), which shows a series of curves repre- 
senting the total strain-energy of the arch for different positions of the virtual — 
pin plotted against the live load. These curves cross and the arch takes w) up 
the position for which least energy is stored. For a given filling and given — 
load W, however, the energy can only be the same for two positions of the | pin " 
under the following two conditions :— 


(i) The two values of H must be the same, that is 
H i tay H 2) 

in which case it is only necessary to plot the H—W lines and to find their point 
of intersection in order to obtain the value of W at which the corresponding — 
energy curves cross. Moreover, for either a greater or smaller value of W, the — 
energy stored will always be lower for the value of H which is more nearly © 
equal to the value given by (11), and these lines therefore serve as a discriminant — 
for the pin position. 


(ii) One of the values of H must be greater, and the other smaller, than 
that given by (11). 


This case is of no practical interest, for although the corresponding energy 
curves cross, it would only be possible to pass from one position of the virtual 
pin to the other by a discontinuity in H. : 
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Paper No. 5046. 
“An All-Welded Building in the United States of America.” 
By Davin Bruce Jounston, B.Sc. (Eng.), Assoc. M. Inst. C.E. 
(Ordered by the Council to be published in abstract form.)1 


Tue Paper describes the construction of an all-welded extension to 


_ @ school building. This type of building is of light construction, 
and the example described involved the use of about 390 tons of 
steel. The original design called for riveted construction, the 
estimated weight of which was 420 tons, about 30 tons heavier 
_ than the welded design. When it was decided to use welding 


exclusively, Mr. Gilbert D. Fish, of New York, a consulting engineer 
for welded structures, was called upon to design the building for 
welded connections. 

In calling for tenders from contractors, both the riveted and the 
welded designs were made available, and in the face of this com- 
petition the accepted tender for the welded design showed a saving 
of 10 per cent. over the lowest tender for a riveted design. Some of 


~ the saving was made in replacing heavy beam sections by lighter 


sections, having a plate welded to each flange over the central 
portion of the sections. A further saving was made in reducing 


_ the shop-handling of columns on account of the absence of holes. 


| 


The largest individual saving was made in the construction of 
four plate-girders, each over 62 feet long and 4 feet deep. Hach 
of these was estimated to weigh 13 tons in the original riveted 
design, and, by re-designing them for the joints to be welded the 
weight was reduced to a little less than 9} tons, showing a 


_ saving of 33 tons each or 29 per cent. 


A large part of the roof was bolted as the members were so light 
that the erection bolts were more than sufficient to carry the light 
loads, with the result that it was considered a waste of time and 
money to weld the joints and then to remove the bolts. The whole 
of the rest of the building and the more important members in the 
roof were welded. In the roof there were twenty-one trusses, all 
of which were approximately the same size with the exception of 


1 The MS. and drawings can be seen in the Institution Library. —Sxc. Inst. C.E. 
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three in the middle of the building. The eighteen smaller trusses 
were mostly of 24 feet span and 9 feet in height. The larger trusses — 
were approximately 33 feet 6 inches by 13 feet 6 inches. 

In building up the smaller trusses, the first was laid out on a steel 
table and tacked together. When this had been done, clip-angles 
or cleats were placed against the various members and welded to 
the bed, thus making a form of jig or template from the first truss. 
That truss was then removed, and while it was being welded the next 
was laid out on the steel table, using the pattern created from the 
first. 

The larger trusses were too large to be shipped as complete units, 
and had therefore to be made in smaller sections. A temporary 
brace was bolted in the shops in place of the two upper sections of 
the top boom, one on each side of the apex and the central post. 
On arrival at the site, this temporary brace was removed and the — 
remaining portions welded in place before the truss was lifted into 
position. In this way the field-welding was reduced to a minimum. 

The column-splices made a very clean-looking joint, especially 
where there was a change of section. In the ordinary way there was 
a heavy plate located between the various sections of each column, 
the ends of which were milled, and an angle on each side of the web 
of the upper sections of the column was used for erection-purposes. — 
In some cases, where it was necessary to continue a beam through 
the line of the column, continuity of the latter was obtained by © 
welding stiffener-plates between the flanges of the beam. These 
plates were placed in a direct line with the flanges of the column, — 
and where there was a change of section of the column the stiffener- — 
plates were sloped at the required angle so that there could be 
continuity of the column-flanges. 

Some difficulty was experienced with the spandrel-beams, of which — 
there were a large number. As explained in the Paper, the last- — 
minute introduction of continuous welding for watertightness caused 
some warping difficulties not previously encountered in this type of — 
construction. Owing to the fact that the continuous weld was on 
one edge only of the flange of the beam, the latter warped somewhat 
in this direction. A suitable sequence of welding reduced this to — 
some extent, but it was not possible to eliminate it altogether, and — 
the beams had to be straightened. z 

The plate-girders proved to be the most interesting part of the — 
work, This type of construction is ideal, from the welding stand- — 
point, for making a great saving in material, whilst the additional — 
advantage of giving a pleasing appearance should make it a very 
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of each of the webs of these plate-girders were planed in order to 
form a good bearing with the flange-plates and to ensure a good 
corner into which to place the weld-metal. Some engineers consider 
this to be unnecessary, but it would appear to depend on the 
quality of the edge of the plates as they come from the mills. The 
Author believes that if these edges are prepared by mechanical gas- 
cutting they will be sufficiently good for all practical purposes. 

Two cover-plates were welded with side fillets ; European engineers 
have used butt-welded plates of different thicknesses, claiming this 
to be less expensive and giving a better transfer of stress. The 
Author believes that with a carefully-executed butt-weld and the 
chamfering of the thicker plate at the ends down to the thickness 
of the thinner plate, this type of construction is preferable. The 
butt-weld is, however, not popular in the United States. 

It should be noted that, although the shop-work was done with 
covered wire, all the field-welding was done with bare rod. Although 
the use of covered wire in the United States is becoming quite general, 
bare wire is still used extensively. Since, however, the specification 
for welding of structures issued by the American Welding Society 
does not, at present, permit the use of higher working-stresses when 
covered rods are used, there is not a great incentive to make the 
change, in so far as the structural field is concerned. It appears likely, 
however, that the specification will be amended in the near future, 
when the advantages of covered rods will be recognized. 


NOTE. 


The Institution as a body is not responsible either for the statements 
made, or for the opinions expressed, in the Papers and Lectures 
published. 
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ENGINEERING RESEARCH. 
THE INSTITUTION RESEARCH COMMITTEE. 


Committee on Soil-Corrosion of Metals and Cement Products. 


Tur Sub-Committee on the Effect of Soils containing Sulphate Salts 
on Concrete and Metal Pipes, the formation and objects of which 
were announced in the November, 1935, Journal,! obtained in response 
to a questionnaire much information regarding the occurrence of 
soils containing sulphate salts and the deterioration resulting there- 
from. They also prepared a programme of research into the deterior- _ 
ation of concrete in sulphate-bearing soils. It became evident, 
however, that a reorganization of this research on a wider basis was 
desirable. While sulphate salts are undoubtedly the main cause of | 
deterioration, it was felt that all corrosive soils should be considered. 
Moreover, a certain amount of research into corrosion of lead pipes 
has already been carried out by the British Non-Ferrous Metals — 
- Research Association, and the Corrosion Committee of the Iron and 
Steel Institute has included soil corrosion in their programme of — 
future work. As the result of a conference convened by The : 
Institution it was decided to dissolve the existing sub-committee — 
and to set up a representative committee which would embrace the — 
whole subject of soil corrosion of metals and cement products. The 
composition of the new committee is as follows :— 


Sir Grorcr W. Humpnreys, K.B.E. (Chairman). 

E. M. Crowrumr, D.Sc., F.1.C., of Rothamsted Experimental Staton 
J. R. Davinson, C.M.G., M.Sc. _ 
C. H. Deson, D.Se., Ph.D., of the National Physical Laboratory. 
8. B. Donkin, 


aaj 
W. H. Hatrrievp, D.Met., F.R.S., Chairman of the Corrosion Committee 
of the Iron and Steel Institute. if 
R. G. Heruerineton, C.B., O.B.E., M.A. 
J. G. Kay. i 7é 


H. Moorn, C.B.E., D.Sc., Director, British Non-Ferrous Metal ‘Researdd 

Association. a 
8. G. S. PANisser. ee 
Professor G. W. Ropinson, M.A. ; 
R. E. Srrapuinc, C.B., M.C., Ph.D., D.Se., Director of Building eee 


Sub-Committee on Wave-Pressures. a 


In the November, 1935, Journal? it was announced that a ‘sub- 
committee had been formed to pte Cae the problem of wave- 


1 Vol. 1 (1935-36), p. 43. 2 Ibid. p. 41. 
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2 _ pressures on sea-structures. It was explained that a decision had 
_ been made to instal a trial single-gauge set for recording wave- 


pressures electrically at Peterhead harbour of refuge, this experi- 
ment, if satisfactory, being followed up by the installation of additional 
gauges. Difficulty was, however, experienced in arranging for the 
production of a suitable gauge. Such an instrument must be 
capable of measuring pressures of exceedingly short duration, whilst 
in view of its exposed condition it must be of robust construction. 
Further investigation of the proposed site at Peterhead indicated 
that it was not suitable for preliminary experiments and for a time 
it appeared that the investigation would be impossible save at 
prohibitive cost. 

A small-scale model tested at the City and Guilds (Engineering) 
College indicated, however, the value of small-scale model experi- 
ments. It also showed that impact pressures of a magnitude many 
times as great as the pressure corresponding to wave height may be 
setup. It is now proposed to carry out a preliminary investigation 
_ by means of small-scale models and to attempt to correlate the results 
with wave-action of moderate intensity at some readily accessible 
point on the coast. Should this preliminary investigation prove 
successful, the question of extending the research to the determination 
of maximum wave-pressures in exposed positions will be considered. 

The Department of Scientific and Industrial Research have agreed 
to undertake the preliminary research, through the Building Research 
Station, at a cost of about £600 for 1 year, The Institution contri- 
buting £300. It is proposed that the research shall be carried out 
by Dr. C. M. White of the City and Guilds (Engineering) College, 
- working in association with the Sub-Committee on Wave-Pressures 
- which would act as a co-operative committee between The Institu- 
tion and the Building Research Station. The personnel of the 
~ Sub-Committee now consists of : 

Sir Leoronp Savitun, K.C.B. (Chairman). 


A. L. ANDERSON, C.B. : 

Gzorrrey Grime, of the Building Research Station. 

G. G. LynpE. 

H. H. G. Mrronety, O.B.E. 

R. E. Srrapziine, C.B., M.C., Ph.D., D.Sc., Director of Building 
Research. 

GC. M. Warr, B.Sc., Ph.D., of the City and Guilds (Engineering) College. 

F. B. Youne, O.B.E., D.Sc., of the Admiralty Research Laboratory. 
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RESEARCH WORK IN ENGINEERING AT KING'S 
COLLEGE, LONDON UNIVERSITY. ; 


A brief account is given below of the research work in engineering 
which is being carried out at ae 4 s College in the Faculty of 


Engineering. 


hea fi 


Civil and Mechanical Engineering. 
Research in civil engineering has been devoted mainly to the 
analysis of stresses in structural frameworks. The method of de-— 
formeter analysis has been applied to the investigation of the cause. 
of the collapse of a reinforced-concrete church portal-frame with 
side bracings, and to the determination of bending-moment distribu- 
tion in a Vierendeel truss. In this work, a modification of Begg’s 
apparatus has been used to impose linear or angular displacements 
of known magnitude at any section of a xylonite model, and filar 
micrometer microscopes have been used to measure the resulting 
displacements of the loading-points. The method has also been — 
applied to a study of the effect of varying the rigidity of joint-— 
connections in simple frameworks. 3 
Further work on the creep of concrete under sustained loads is 
in hand. It is proposed to investigate creep at low stresses which 
may throw some light on the relationship between creep and shrink- — 
age. Such tests may reveal a gradual merging of shrinkage into! | 
creep and lend confirmation to the theory of expulsion of colloidal 
water. It is hoped also to attempt some investigation into possible — 
changes of weight. The porosity and -Relnme abana of concrete 
bricks are also being studied. 2 
A considerable amount of research in mechanical engineering is 7 

in progress. An investigation is being made into the elastic break- 
down of steel under various distributions of stress. Partict 


internal pressure, and an investigation into stress-distribution during 
the overstraining of steel cylinders has been in progress. The effect 
of fluid pressure on permanent deformation in shear has also been 
studied. ee 
A large amount of research has been carried out into the processe i: 
in the injection systems of high-speed heavy-oil engines. 
injection of liquid fuel is a hydraulic problem, complicated b 
exceedingly high pressures and velocities involved, the proper 


~ 
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_ of the oil and the small dimensions of the systems.1 The next step 
_ in the researches into oil engines is a study of combustion. On 
_ the one hand, the fundamental aspect of this is being investigated 
and a start has been made by studying the rate of vapourization of 
- drops of oil of various sizes at high temperatures, and, on the other 
hand, research into the variables is being carried out on various oil 
engines. 
A further investigation concerns engine noise, the object being 


__ to produce a “ noise-intensity—frequency’”’ analysis. The Depart- 


ment of Physics is collaborating in this research. A different lime 
__ of research is an analysis of the functioning of an ammonia-vapour 
refrigerator. 


Electrical Engineering. 

The following investigations into electric motors and generators 
are in progress. In connection with the starting and acceleration of 
~ double-cage three-phase induction motors, acceleration of the rotor 
is recorded by means of a cinematograph camera. High-speed and 
normal-speed films have been taken and the results compared with 
tests carried out on the same equipment at the Trafford Park works 
of Messrs. Metropolitan-Vickers Electrical Company, where a homo- 
polar dynamo and amplifier were used for the measurements. A 
thermo-electric device has been developed for the purpose of 
measuring the surface-temperature rise of rotating machines, such 


as armatures, commutators, etc. The total radiation is measured 


by means of about 100 to 150 couples connected in series to an 
‘indicating instrument calibrated by means of a Leslie cube. Suffi- 
- cient sensitivity is obtained to record the cyclic rise and fall of 
temperature when an armature is running on an intermittent load 
having a cyclic duration of a few minutes on and off. A com- 
parison of the theory and operation of induction motors is also in 
"progress. ' 
The breakdown of voids in solid dielectrics has been studied by 
means of the cathode-ray oscillograph utilized to record oscillations 
in the charging current which are found to accompany failure of the 
insulating properties of the voids in the insulation. 


1 Drs. §. J. Davies and E. Giffen. ‘‘ Injection, Ignition and Combustion in 
High-Speed Heavy-Oil Engines.” Proc. Inst. A. K., vol. 
xxv (1930-31), p. 399. ; 
‘An Experimental Investigation of Flow in Oil-Engine 
Injection Systems.” Ibid., vol. xxvii (1932-33), p. 506. 
‘‘ Further Investigations into Oil-Engine Injection Systems.” 
Ibid., vol. xxviii (1933-34), p. 456. 
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alternating and rectified current. Observations of the A.C. and 
rectified-current wave-form of grid-controlled mercury-are rectifiers 
by means of the cathode-ray oscillograph are being made and com- 
mutation conditions studied. A thermionic device has been de- 
veloped to replace the mechanical contact-methods of recording 
4 wave-form in A.C. circuits. The direct measurement of the positive, 
negative and zero sequence symmetrical components of A.C. voltages — 
and currents in three-phase systems has been studied and apparatus 
ie for these measurements constructed. The circuits used for the 
se measurements have been applied to the operation of protective 
ee relays. Experiments on discriminating protective gear for three- 
phase systems are being carried out. 


“s 
; Researches are also being carried out into the wave form of 
, 


The above researches are being carried out under the direction 
of Professor Gilbert Cook, D.Sc., Dean of the Faculty, Professor of 
Mechanical Engineering and Head of the Department of Civil and 
Mechanical Engineering, Professor C. H. Lobban, D.Sc., Professor — 
of Civil Engineering, Professor J. K. Catterson-Smith, M.Eng., 
Professor of Electrical Engineering, and 8. J. Davies, D.Sc., Ph.D., 
who succeeds Professor Cook as Professor of Mechanical Engineering 
at the end of this year. 


FOURTH REPORT OF THE CORROSION COMMITTEE 1 © 
OF THE IRON AND STEEL INSTITUTE. 


The Report deals with the work of the Corrosion Committee under — 
the headings :—atmospheric corrosion, marine corrosion, laboratory — 
and fundamental work, protective coatings, and other matters. — 
It is shown that atmospheric corrosion varies widely according ~ 
to humidity and pollution of the atmosphere and is most’severe — 
under industrial conditions. Copper-bearing irons and steels show — 
an improvement of the order of 30 per cent., but thereappears to beno- 
advantage in increasing the copper-content beyond 0-2 to 0:3 percent. | 
Normal rolling-scale has a certain protective value which appears — 
to be greater in wrought irons than in mild steel. The addition of 
a low percentage of chromium increases the resistance of ordinary 
steel. Protective painting should include a primary coat of an — 
inhibitive nature, such as red lead, and should preferably be applied — 
to a completely de-scaled surface. The durability of galvanized — 
coatings is discussed. Protection against marine corrosion 


~ 


+ The Iron and Steel Institute, Special Report No. 13, 1936. Price 16s, 
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largely a question of maintenance. It is doubtful whether copper- 
bearing steel offers any advantages. Corrosion resistance is a 
function of composition rather than a process of manufacture. 
Wrought iron appears to be more resistant to atmospheric corrosion 


- than mild steel or ingot iron, the nature of the rolling-scale being 


probably one of the factors causing this difference. The addition 
of alloying elements appears to be economically justified. 


REPORT OF THE FUEL RESEARCH BOARD. 


It is not possible here to do more than to enumerate the lines of 
research dealt with in the Report of the Fuel Research Board for 
the year ended the 31st March, 1936. The progress of the Coal 


_ Survey, a physical and chemical survey of the natural coal resources, 


is described. Standard methods of sampling and laboratory analysis 
of coal have been developed and are being applied at the various 


- regional survey stations. Much research has been carried out on 


the grading and cleaning of coal in preparation for the market. 
The effects of introducing steam into horizontal gas retorts during 
carbonization and low-temperature carbonization in vertical retorts 
have been studied. Further work has been done on the production 
of fuel oils and other products by hydrogenation-cracking of low- 
temperature tar. An investigation is being carried out into the 
possibilities of synthesizing lubricating oils from hydrogen and 
carbon monoxide. The study of the direct hydrogenation of coal 
to produce motor spirit and fuel oil has been continued. An improved 


_ form of burner for pulverized fuel has been evolved. Lastly, 
research on smoke reduction in the domestic grate is being carried 


7 * 


out. 


NOTES ON RESEARCH PUBLICATIONS. 


ENGINEERING MATERIALS: PROPERTIES AND TESTING. 


The elastic limit and micro-deformation of constructional materials 
in dynamic bending tests at high temperatures are dealt with in 
Zeit. Metall., 28, 257 (Eng. Abs., 71, No. 10). Modern practice in 
the photo-elastic determination of stress is discussed in Am. Soc. 
Civ. Eng. Proc., 62, 1171. c 


The figure in heavy type is the number of the Volume ; the figure in brackets 
the number of the Part ; and that in italic type the number of the Page. 
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Timber. 


A handbook on home-grown timber has been issued by the Forest 
Products Research Board. The report of the Director of Forestry, 
1935-6, Department of the Interior, Canada, describes the ine 
position regarding timber research. 


Bricks, Lime, Cement and Conerete. 


Tests on the age-strength relationship for rammed earth or pisé 
de terre are given in Eng. News-Record, 117, 44. An investigation 
of the rate of solution of lime obtained by various processes is 
described in Ton-Industrie Zeit., 60, 899. Resistance of cement to 
chemical attack is related to the lime content in Zement, 25, 469. 
The properties of breeze and clinker aggregate and methods of testing 
their soundness are described in Building Research Bulletin No. 5, 
Department of Scientific and Industrial Research. The behaviour of 
mixtures of calcium aluminate cements and Portland cements is — 
dealt with in Concrete (Chicago), 44 (8), 38. A paper: Special 
cements for mass concrete, prepared for the World Power Conference, 
has been issued by the U.S. Department of the Interior, Bureau of | 
Reclamation. An article on special Portland cements appears in — 
Soc. Chem. Ind. J. Japan, 89 (3), 105. The problem of a winter 
brand of Portland cement is discussed in T'sement, 4 (2), 33. The © 
effects of the freezing of cement concrete mixtures on their ultimate 
strength are dealt with in Metrostroy, 1936 (5/6) 43 (Eng. Abs., 71, 
No. 23). An article on porosity and permeability of concrete is — 
contained in Ann. Ponts et Chaussées, 106-11, 11 (Eng. Abs. 71, 
No. 6). The autogenous healing of concrete is discussed in Zement, 
25, 505. Common salt is shown to dissolve out the lime from — 
Portland cement in Ton-Industrie Zeit., 60, 797. Studies on the — 
expansion and corrosion of hardened mortars of various cements — 
are given in Soc. Chem. Ind. J. Japan, 89 (5), 159. An accelerated — 
method of determination of the sulphate resistance of Portland 
cement is described in Rock Products, 1936 (6), 46. 5 


* 


— 

Metals. _ 

_ The influence of surface condition upon the physical propartial 
of cast iron is considered in Giesseret., 28, 466, and its strength and 
elastic properties in Iowa Eng. Expt. Sin., Bull. 12%) oA discussion 
of the mechanism of corrosion of various steelee in relation to engineer- 
ing structures is given in Am. Soc. Civ. Eng. Proc., 62, 1239. The 
corrosiveness of soils and water is considered in its chemical asp 
in Gas und Wasserfach, '79, 55, and the electrolytic se f 
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the corrosiveness of soils in U.S. Nat. Bur. Stand. J. Research, 17, 
363. 
Research on non-ferrous metals includes a description of the 


_ metallurgical properties of copper-nickel condenser tubes in Am. Soc. 
_ Nav. Eng. J., 48, 397. Properties and structural uses of magnesium 
alloys are enumerated in Am. Soc. Civ. Eng. Proc., 62,, 1329. The 


influence of light on electrode potential and corrosion phenomena of 
certain non-ferrous metals is discussed in the Journal of the Institute 
of Metals, 1936 (1), 227. 


Other Materials. 


Investigations on the weathering of clays and the effect thereon 


_ of bacteria and moulds are described in Céramique, 39,, 195. The 


results of research on Young’s modulus of elasticity, and on the 


strength and extensibility of refractories in tension are given in 


U.S. Nat. Bur. Stand. J. Research, 17, 463. The properties of 


 “multi-cellular” glass, that is, glass containing numerous gas- 
filled bubbles, are described in Soc. Glass Tech. J., 20, 181, and 


in the same Journal, p. 279, the effect of flaws and scratches on 


the breaking strength of glass is considered. The properties of 
glass in modern building construction are dealt with in Glastech. 
Berichten, 14, 246, and the modulus of rupture and thermal shock 
resistance of glass at elevated temperatures is discussed in Am. 


Ceram. Soc. Bull, 15, 271. 


ENGINEERING MatTERIALS: PropuctTion, MANUFACTURE AND 


PRESERVATION. 


Cement and Concrete. 


The manufacture of aluminous cement in blast-furnaces is dealt 


with in Cement, 9, 190. The French specification for concrete 


aggregates is translated in Cement, Lime and Gravel, 10, 232, 264, 
and 274. A method of assessing the value of fine aggregate on a 
“bleeding” test basis is described in Am. Concer. Inst. J., 8, 29. 
The results of comparative tests on the setting heat of cements are 
given in Bawing., 1936 (23), 231. The behaviour of concrete in 
various storage conditions as determined by measurement of changes 
in length is discussed in Beton w. Eisen., 85, 169. The effect of acids, 
oils and salts on concrete and various protective treatments are 
discussed in Concrete (Chicago), 44 (9), 11. 


Metals. 
The determination of the corrosion behaviour of painted iron by 
an electro-chemical method which enables the condition and 
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mined is described ih Paint, 6, 281. 


STRUCTURES. 
Mass Structures. fe 


The practical application of foundation soil research in the design 
and examination of earthworks and foundations is explained in 
Praktische Anwendung der Baugrunduntersuchungen bei Entwurf 
und Beurteilung von Erdbauten und Griindungen by W. Loos, Berlin | 
(J. Springer). A research on the use of metallic aggregate in concrete — 
floors in order to increase resistance to wear is described in Am. 
Concr. Inst. J., 8, 17. The distribution of shearing stresses in con- 
crete floor-slabs under concentrated loads is analysed in Jowa Eng. 
Expt. Stn. Bull. 126 (Eng. Abs. ‘71, No. 40). The stresses in the 
lower walls of quadrangular silo cells are derived mathematically — 
in Beton u. Eis., 35, 115. \ 


Framed Structures. we 
Modern stress theories taking into account dynamic forces in — 
structural design are dealt with in Am. Soc. Civ. Eng. Proc., 62, 
1128. A comparison of the various methods employed for the 
stress analysis of continuous frames is given in The Struccuraas 
Engineer, 14, 398. The correlation of tests of engineering structures 
and their models is dealt with in Am. Soc. Civ. Eng. Proc., 62, 1155. 
_ The action of the wind on structures is considered in Ricerche Ing. 25 
4, 105. Results of tests on designs of steel wind bents for tall — 
buildings are given in Iowa State Univ. Bull. 93 (Eng. Abs. 71, 
No. 41). Tests on the strength of thin unstiffened cylinders sub- 
jected to shearing and longitudinal forces are described in Luftfahrt. 
18, 309 (Eng. Abs., '71, No. 57). A comparison of riveted and — 
welded connections designed to obtain end fixity is made in Ann. 
Inst. Tech. Batiment, 1 (3), 4. The Sixteenth Report of the Bri 
Standards Committee has been issued by the Government of In 
Railway Department. A description of shell-roofed sheds con- 
structed according to the Zeiss-Dywidag system is described it 
Beton wu. Eisen, 85,159. In Am. Coner. Inst. J., 8, 1, are given resi 
of experimental work at Lehigh University on the ultimate is 
strength and cracking of reinforced-concrete slabs. 


Constructional Chorations and Methods. 


Shrinkage stresses in sliding-shutter work are dealt with! 
Concrete & Constr. Eng., 81, 365, and in the same journ l, p. 
the use of welded bars for reinforced-concrete structures is 
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TRANSFORMATION, TRANSMISSION AND DISTRIBUTION OF ENERGY. 


Research on solid fuels for road vehicles is summarized in Memo- 


3 randum No. 2 of the Utilization of Coal Committee of the Institution 


of Mining Engineers. A method whereby the mixture strength in 
petrol engines is continuously controlled by electric exhaust-gas 
analysers is described in Roy. Aer. Soc. J., 40, 799. The following 


_ articles appear in Inst. Elec. Engrs. J.,79: p. 541, Statistical survey 
_ of the performance of automatic protective systems; p. 560, The 


effect of the joints in the plates of a laminated iron core on the d.-c. 


_ ampere-turns required for its magnetization; p. 565, A record of 


recent progress towards the correlation of the chemical composition, 


_ the physical constitution, and the electrical properties of solid 
_ dielectric materials. The determination of the stages of formation 


_ of the corona around conductors is dealt with in Elettrotecnica, 28, 


_ 556 (Eng. Abs., 71, No. 119). 


MECHANICAL PROCESSES, APPLIANCES AND APPARATUS. 
The Second Report of the Welding Research Committee has been 


_ published by the Institution of Mechanical Engineers. Mechanical 


and X-ray methods of measuring internal stresses in welding are 
described in Welding Industry, 4, 344. 


SPECIALIZED HINGINEERING PRACTICE. 


Transport. 


The Department of Scientific and Industrial Research has 


4 published Road Research Technical Paper No. 1: Studies in road 


- friction, (1) Road surface resistance to skidding, and Bulletin No. 1: 
_ Measurement of the non-skid properties of road surfaces. The Report 


of the Concrete Roads Group for the year 1935 has been issued 
(German Road Research Society, Berlin, 1936 (10), 89). The air 
resistance of automobiles is dealt with in Auto. Zeit., 39, 425 (Eng. 
Abs.,'71, No. 147). The Second Interim Report of the Ministry of 
Transport Departmental Committee on Noise in the Operation of 


- Mechanically-Propelled Vehicles has been published. The dynamic 


effects of rolling loads and their action upon train resistance are 
considered in Revista do Club de Engenharia (Rio de Janeiro), 2, 


1186 (Eng. Abs., 71, No. 148). 


_A study of the propagation of perturbations in water flowing in a 


- channel is given in Hlettr., 28, 486 (Eng. Abs., 71, No. 155). Of 


researches dealing with air transport the following Aeronautical 
Research Committee Reports and Memoranda have been noted : 
R. & M. No. 1698, Wind tunnel tests of the characteristics of wing 
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4 flaps and their wakes ; R. & M. No. 1702, The cowling of coo 

7 systems; R. & M. No. 1705, Variation of exhaust-gas temper 
co along the tail-pipe of a “ Moth” aircraft, and the effect of a simple 
=f silencer. Approximate methods for finding frequencies of vibratic n 
; are given in Roy. Aer. Soc. J., 40, 815, and on p. 833 the-buckling 
] 


of an elastically-encastered strut is considered. The following articles 
appear in Lufifahrt., 18, p. 313, Theory of aerofoils in a compressible 
medium ; p. 320, Theory of aerofoils in the suprasonic range ; p. 336, 
* Generalised Karman-Trefftz aerofoil sections ; and p. 346 Oscillations 
of the crankshaft-airscrew system. . 


4 : Water-Supply and Irrigation. iF a 
= A method of measuring the permeability of water-bearing strata. 
a. and its application to calculation of the yield of wells is given in 

ee = Gén. Civ., 109, 306. An experimental and analytical study of surge 
a chambers for hydro-electric projects is contained in Bull. Tech. Suisse 
——— * Rom., 62, 233 (Eng. Abs., 71, No. 177). g 
3 : 4 

f " Mining. ee 


The results of inspection and tensile tests of some worn wire ropes 
are given in U.S. Nat. Bur. Stand. J. Research, 17, 401. Some 
practical aspects of flocculation in the treatment of washery waters 
resulting from research at the Mining Department, University of 
Birmingham, are dealt with in Trans. Inst. Mining Engineers, 2, 
28. 


Heating and Acoustics. 


The thermal conductance of a window, according to research 
carried out at the Building Research Station, is discussed in Inst. 


Heating and Ventilating Engineers, J., 4, 369. Work carried out at 


and inflexible, is developed in the Journal of the Acoustical Soc by ‘ 
of America, 8 (1), 53-9. re 


MISCELLANEOUS. 


The following paper was read before the Royal Society by O.. 
Saunders on 5 November, 1936: The effect of pressure upon né 
convection in air. The forces on a solid body in a stream of viscous 
_ + fluid are dealt with in Phil. Trans. Roy. Soc. Series A., 236, 25. , 


MADE AND PRINTED IN GREAT BRITAIN BY WILLIAM CLOWES AND SONS, LIMITE 
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